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ABSTRACT 
The main ob j e ct ive s o f  th i s  s tudy were : 
1. To deve l op a s e r i e s  o f  ve ge t at ional c l as s i fi c a ­
t ion s y s t ems b a s e d  on the fl o r i s t i c s  o f  commun i ty s t rat a ,  
ove r s t ory s t ructural and funct ional fe ature s , and envi ron ­
ment al p arame t e rs o f  a re g i on typ i cal  o f  the tempe rate 
Tenne s s ee  Val l ey ; 
2 .  To examine the s u i t ab i l i ty o f  the s e  c l as s i fi c a ­
t i on s y s t ems for the comp lex  fore s t s  o f  the Tenne s s ee 
Val l ey ; 
3 .  To deve l op nume r ical  t o o l s  for evaluat ing 
c l as s i fi c at i on s u i t ab i l ity ; 
4 .  To us e the s e  t o o l s  t o  s eek out natural dis­
con t inu i t i e s  in ve getat i onal  pat t e rn s . 
To ach ieve the s e  g o a l s  s ix mult ivari ate c lus ter 
analys i s  p r o grams were examine d .  Pre l iminary t e s t s  
b rought out unde s i rab l e  prope r t i e s i n  four o f  them , howeve r , 
and the s e  we re  e l iminat ed  from furthe r u s e . The remaining  
two programs , MINFO and MD I SP , we re  then emp l oye d on  a data 
s e t  from Fent re s s  County , Tenne s s ee ; and c l as s i fi cat ion 
h i e rarch i e s  we re b u i l t  b a s e d  on ove r s t ory , rep roduct ion , 
shrub s , ove r s t ory p lus shrub s , ground cove r , a l l  spe c i e s  
re gardl e s s  o f  s tr atum , s tructural - funct ional charact e r i s t i c s , 
s t ructural - funct i onal  p l us quant i t at ive ve ge t at i onal 
i i i  
iv 
charact e ri s t i c s , and env i ronmental  parame t e rs . Thre e 
add i t i onal s ub j ect ive , ove rs t ory c l as s i fi c at i on s y s t ems 
were a l s o  exam ined - - a  TVA fore s t - type s ys t em , a p e r s onal ly 
de r ived sys tem , and-a s ys tem b as ed on three l e ad ing 
dominant spe c ie s . 
Two nume r i cal  t o o l s  we re  deve l oped  for examining 
the s e  c l as s i f i c at i on s y s tems . The firs t t o o l , the me an 
indi c a t o r  s c o re (MI S ) , i s  b as e d  on the c on s t ancy and 
fide l i t y  o f  ind ividual s pe c i e s  for a p art i cu l ar clus ter 
type . The MIS s ums the indi c at o r  value s ( de fined in t e rms 
o f  con s t ancy and f i de l ity) o f  the s p e c i e s  havin g the 
s t ronges t  a ffin i t i e s  fo r given clus t e rs . The s econd tool , 
the me an envi ronmental  s c o re ( MES)  , s ums the re s p ons e o f  
par t i cul ar c l us t e rs for g iven environmen t al p arameters . 
The MI S ,  then , examines the s u i t ab i l ity o f  a part i cu l ar 
c l as s i fi cat ion in t e rms o f  fl o r i s t i c  a ffin i ty , wh i l e  the 
MES e valuat e s  in t e rms o f  envi ronmental  re spon s e .  
When the 2 3  Fent re s s  County c l as s i ficat i on s  were 
c omp are d on the ME S sc a l e , a de fin i t e  t rend was evident; but 
the ind i vidual MES ' s  were s t at i s t i c a l l y  not c l e arly d i s ­
t ingui s h ab l e . I t  was conclude d ,  the re fore , that the 
c l as s i fi cat i ons  of that part i cular  dat a s e t  we re not re adi ly 
di ffe rent iab l e  in t e rms of  re spons e to  the  environment . 
The MI S s c ale , on the other h and , was much more conclus ive , 
e s pe c i al ly when c a l culat i on s  were b a s e d  on the t op S O  
indi c a t o r  s p e c i e s . MINFO c l as s i fi c at ions  o f  ground cove r ,  
ove r s t ory , s hrub s , and ove r s t o ry p lus s h rub s s cored the 
highe s t .  I t  was , there fore , c onclude d that any o f  the s e  
s t rata  could b e  us e d  t o  deve l op s uit ab l e  ve ge t ation 
c l as sification s . Structural - functional  s ys tems and 
environment al c l as sifications proved t o  b e  p ar ticularly 
uns uit ab le . 
v 
A l l  o f  the c l as si fication s y s t ems we re c omp ared in 
t e rms o f  simil arity and were found , in gene ral , t o  b e  
highly dis simi l ar . None o f  the c l as si fications conve r ge d  
on any one int e rpret ation o f  ve ge t ational pat t e rns . 
An attemp t  was made t o  re c o gni z e  n atural dis continui­
tie s in the ve ge t ation by cal cul atin g MI S ' s  at e ach leve l 
o f  a clus t e r  hie rarchy . Although the M I S  did re ach a 
maximum at an optimal hie rarchy l e ve l , it  was found that 
the maximum MI S is dire ctly  dependent on the weights  
as signed t o  fide lity and cons t ancy and is only coincidental ly 
re l ated  t o  the dat a .  Any mode l that is a function o f  
fide lity and cons t ancy mus t  maximiz e  at a l e ve l  de fined by 
the con s train t s  o f  the mod e l  rathe r than by an imp osition 
o f  the dat a .  I f  natur a l  dis continuities  in the data 
h appen to  coincide with maximizin g s co re s  for the mode l , 
this  is fortuitous but is n o  guarant e e  that the two wil l  
always  coincide . 
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CHAPTE R I 
INTRODUCT I ON 
Scope of the  S tudy 
Durin g the s ummer  o f  1 9 7 3 , a ve ge t at i onal  survey 
was conduc t e d  in Fent re s s  County , Tenne s s ee . The survey 
was car r i e d  out in con j unct ion w i th a Tenne s s e e  Val ley 
Autho r i t y  fores t  inventory o f  the county .  Althou gh a 
ve get at i onal  s urvey and a for e s t  invent o ry ove r l ap in many 
det ai l s , the b as i c ob j e ct ive s  o f  e ach are qui t e  d i ffe rent . 
The general  purp o s e o f  a fo re st  invent o ry i s  t o  as s e s s  the 
qual ity  and e c onomi c value of the fore s t  res ources  of an 
area . The gen e ral purpo s e  o f  a ve ge t at i onal s urvey , on the 
other h and , i s  to unders t and ve ge t at ional p at t e rn s  and t o  
interp re t  them i n  l i gh t  o f  unde rlyin g  envi ronmen t al var i ­
ab l e s . The re are many ways  ava i l ab l e  t o  an aly z e  ve ge t a ­
t i on al p a t t e rn . Cl as s i fi c at i on , a s  a first  s t ep , h owever ,  
i s  more conve n i ent and e as i ly unde rs tood  than other type s 
o f  analysis and i s  mandat o ry for mapping and data storage 
in l and -us e p l ann ing and management p ro grams ( Go odal l ,  
1 9 7 3) . The ini t i al goal  of  the Fent re s s  County s urvey , 
there fore , was  t o  deve l op a ve get at i on c l as s i fi cat i on 
s y s t e m .  
TVA p re s ent ly us e s  a s ub j ect ive fore s t - type clas s ­
i fi c at i on s y s t em b a s e d  on the dominance o f  one o r  a few o f  
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the mos t  imp o r t ant  tre e  species in the s t and . Whil e  th i s  
clas s i fication s cheme i s  us e ful in an economic , t imb e r  
harve s t ing  p ro gram ,  it s value for e c o l o gic al  s tudie s is  
que s tionab l e . At  pre s ent there i s  no  t ruly ade quat e 
ve getat i on c l as sifi cat ion s ys t em for the Tenne s s e e  Val l e y . 
Such a s ys t em i s  b adly neede d .  Land -us e planning , 
environment al impact as s e s sment , and e cological  app roach e s  
to  fore s t  and wildl i fe management , re cre at i on potent i al ,  
and wat e rs h e d  management all demand a s ol id ve get at i on 
c l as s i ficat i on s ys tem based  on s ound e c o l o g i c al p rincip l e s 
( Rodwe ll , 1 9 7 6 ) . TVA is  in a position t o  de s i gn s uch a 
sys tem . As a r e s ult o f  a cont inuous fore s t  invent ory 
pro gram be gun in 1 9 6 0 , TVA has t o day ove r 9 , 0 0 0  pe rmanently 
l oc at e d , 1/5 - ac re fore s t p lo t s  e s t ab l i shed in the Tenne s s e e  
Val l e y . Tho s e  p l ot s repres ent a vas t we alth o f  dat a  
ide ally s ui t e d  for ve ge t at i on analysis . 
In the  p re s ent s t udy , a var i e ty o f  nume rical 
appr o ache s  are t e s ted  in an attempt t o  l ay the foundati ons 
for an e colo gi c al clas si fication sys tem o f  ve ge t ation . The 
final s ys tem mus t  s atis fy two ob j ect ive s --i t  mus t  b e  
e c o l o g i cal ly me an ing ful , and it  mus t  b e  comp at ible with the 
TVA fore s t  inventory dat a s e t . Nume r i c al te chn i ques  are 
requi re d  b e c au s e  the vas t quantity o f  TVA dat a  nece s s i t at e s  
them . Any g iven dat a s e t , h oweve r ,  can be  cl as s i fied  many 
d i ffe rent way s ; no one s y s t em can s e rve all p o s s ible needs . 
The ult imat e c r i t e r i on , the re fore , is  one o f  ut ility - - the 
-- -- ----- - - - -
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b e s t  s y s t e m  i s  the one that mos t  s atis fi e s  TVA ' s ne eds . 
The p re s ent s tudy , then , is re al ly a s tudy in 
te chnique . The t e s t  dat a chos en are inciden t al . I f  the 
re s u l t s  are found t o  be s atis fac t o ry , the t echnique s c an 
b e  te s te d  in other  are as o f  the Tenne s s ee  Val l ey .  Hope ­
ful ly , an e c o l o gical  c l as si fication sys t em for the entire 
Val l ey e ventua l ly wil l  eme rge . 
The s tudy h as four p rincip al ob j e ctive s : 
1. To  deve l op a s e ries  o f  ve get ational c l as si fi c a ­
tion s y s tems b as e d  on the fl o ristics o f  communit y  s t rata , 
ove r s t o ry s t ructural and functional fe atures ,  and envi ron ­
mental  p a r ame t e rs o f  a re gion typical o f  the t empe rate 
Tennes s e e  Val l e y ; 
2 .  To  examine the s uit abi lity o f  the s e  c l as si fica ­
tion s ys tems fo r the c omp l e x  fore s ts o f  the Tenne s s ee Val l ey ; 
3 .  To  deve l op nume ric al t o o l s  for evaluating 
c l as sification s ui t abi lity ; 
4 .  To  us e the s e  t o o l s  to  s e e k  out natur al  dis ­
continui ti e s  in ve get ational pat t e rns . 
Fo l l owing the in t roductory comment s  in this  chapt e r  
on the n ature and s tudy o f  ve get ation , Chap t e r  I I  p re s en t s  
a gene ral d e s c ription o f  the s tudy are a ; and Chap t e r  I I I  
dis cus s e s  fie l d  me thodo l o gy and the p rep aration o f  fie l d  
dat a for furthe r analysi s . Chap t e r  I V  is  an int roduction 
t o  nume ric a l  c l as si fi c ation p rocedure s - -what options are 
avai l ab l e , h ow spe ci fi c  c lus t e ring t e chnique s wo rk , what 
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kinds o f  prob l ems are encoun t e red  in app lying c lus t e rin g 
me thod s . Chap t e r  V int roduce s  one o l d  and two new t o o l s  
deve l oped t o  c omp are and evaluate diffe rent c l as si fications . 
Chap t e r  VI p re s en t s  the app lication o f  s eve ral c l us t e ring 
programs to s ome real  and a rti ficial dat a s e t s  and demon ­
s trat e s  the us e o f  the comp a rative t o o l s  for evaluatin g 
the re sulting c l as si fication s . The final chapt e r  s um­
mariz e s  the findings  and b rie fly dis cus s e s  s ome p e riph e ral  
prob l ems that aro s e  during the  s tudy . 
The Nature o f  Ve get ation 
Ve ge t ation c an p e rhap s  mo s t  simply be de fined as an 
as s emb l age o f  p l an t s  growin g to ge ther in a p articu l ar 
p l ace . The s tudy o f  ve get ation is  the s tudy o f  p l ant com­
munitie s . In thi s  context "p l ant c ommunity" re fers to  a 
group o f  mutual ly inte r actin g p l ants  growin g in a given 
p l ace . I t  does  not  imp ly anything ab out the dynamic nature 
o f  the c ommunity or communitie s  invo lved . 
Ove r the l a s t  5 0  years the re has b e en a maj or c on ­
t rove rs y  amon g ve get ation s cienti s t s  concerning the nature 
of p l ant communitie s . Acco rdin g t o  Tans ley ( 1 9 2 0 ) , Cl ement s  
( 1 9 2 8 ) , Daub enmire ( 1 9 6 6 ) , and many othe rs , p l ant c ommuni ­
tie s  are dis c re t e  unit s that can b e  readi ly re c o gniz ed and 
natural ly c l as si fied . Othe rs  s uch as Gleas on ( 1 9 2 6 ) , Cain 
( 19 4 7 ) , Whit t ak e r  ( 1 9 5 6 ) , and many more have argued that 
communitie s  continuous ly grade int o  one another  and that any 
attempt at c l as si fi cation mus t  ne ce s s arily b e  arbit rary . 
P onyatovsk aya ( 1 9 6 1 ) and Goodal l ( 1 9 6 3 ) o ffe re d 
we l l - re as oned re s oluti ons t o  the c ontrove rs y , proposing 
that the opp o sing phi l os ophi e s  are in fact c ompl ementary 
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and that the di ffe rence s  b e tween them are me rely di ffe r ­
enc e s  in degre e . The s e  p ap e r s  s hould  have l aid the 
controve rs y to re s t . Un fo rtunat e ly , h oweve r , the t remendous 
exp ansion in o rdin ation s tudie s throughout the 1 9 6 0 ' s  
s e eme d t o  p rovide new gri s t  for the continuum the oris t s . 
Ande rs on ( 1 9 6 5 )  attemp t e d  t o  s e t t l e  the di s cus sion by 
arguing that the de gree  o f  s e le ction or  dis turb ance 
ope r ating on communiti e s  wi l l  give them a dis cr e t e  or 
continuous natur e . Then , in 19 6 7 , Mcintosh s ummariz ed the 
controve rsy to date  with an exce l lent his t orical  review 
tending to favo r the c ontinuum concep t . Lan g fo rd and Bue l l  
( 1 9 6 9 )  count e re d  with anothe r fine review favorin g the 
dis cre te  c ommunitie s  view . And s o  the controve rsy han gs . 
Both phi l o s ophie s are equal l y  correct ; they simp ly repre ­
s ent di ffe r en t  p oint s  o f  vi ew . P roponents o f  the two side s 
are l o o king at the obve r s e  and reve r s e  o f  the s ame thin g and 
have got ten t r appe d  by the either/or  duality that charact e r ­
iz e s  the thinking o f  We s te rn man . 
The Study o f  Ve ge t ation 
In light o f  the s eemin gly h ope l e s s  con fusion in 
te rmin o l o gy that h as grown up with the s cience o f  ve get a ­
tion analysis in Europe and Ame rica , Mue l le r - Domb ois and 
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E l lenb e r g  ( 1 9 7 4 )  have p ropo s e d  a new t e rm ,  "ve get ation 
e c o l o gy , " for the s tudy o f  p l ant c ommunitie s  or vegetation . 
Ve ge t ation eco l o gy can b e  de fined  as that b ranch o f  p l ant 
e c o l o gy which s tudie s the sp atial and t emporal  dis t ribution 
o f  p l an t s  in an e ffort t o  unde rs t and p at t e rns  o f  ve get ation 
and t o  re l ate  tho s e  pat t e rns  to envi ronment al conditions . 
Ve ge t ation e c o l o gy thus has two main ob j e ctive s . Firs t ,  
it  attemp t s  to simp li fy the b ewi l de ring array o f  p l ant 
dis t ribut i on p at t e rns int o  s ome kind o f  me anin g ful mos aic . 
Secondly ,  it s eeks  t o  dis cove r the links b e tween ve get ation 
and the environment that s h ape  the mo s aic pat t e rns . 
A wide ran ge o f  te chnique s has deve l oped  in the fie l d  
o f  ve get ation e c o l o gy t o  s atis fy thes e  ob j ective s . In fact , 
re ading the p ages  o f  Ve ge t atio or  the Journal o f  Ecol o gy , one 
i s  o ften le ft with the imp r e s sion that technique rather  than 
ve get ation is  the re al ob j e ct o f  s tudy . This is  hardly the 
c as e , h oweve r ; t echnique s are me re ly t o o l s  to  be us ed  for 
di s cove rin g ve get ation p a t t e rns and environment al relation -
ship s . Of c ours e , a c e r t ain amount o f  te chnique - fo r -
t e chnique's - s ake is  j us ti fiab l e  and pe rhaps even nece s s ary 
as  new approach e s  are deve l oped and t e s t e d .  This is c e r­
t ainly t rue t o day with the p r o li fe r ation o f  numerical  t o o l s  
re s u l ting from the weddin g o f  ve ge t ation s cience and mul ti ­
variate ana ly si s . The t e chnique s are only pre liminary , 
howeve r ,  and are e ventua l ly s ub j e c t e d  to  the vas t winnowing 
machine o f  c ont emporary s cience to b e  applied  or b l own 
aside . On ly tho s e  that are applied  are ultimate ly of  
re al value . 
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CHAPTE R I I  
THE STUDY AREA 
General De s c ription 
Fent re s s  County encomp as s e s  an are a  o f  4 8 4  s quare 
mil e s  in upp e r  middle  Tenne s s e e . App roxima t e l y  four ­
fi fths o f  the county lie s  on the s u r face o f  the Cumb e r l and 
P l at e au ; the remaining part is  in the he avily  dis s ected  
we s t e rn edge o f  the P l at e au .  The P l at e au s ur face is part 
o f  the S choo l e y  e r o sion surface that was up li fte d  during 
the Mio cene Epo ch ( Fenneman , 1 9 3 8 ) . The P l at e au s urface is 
gen t ly ro l lin g and dips s li ght ly to  the e as t . Ave rage 
e l evation is  1 6 0 0  fe e t  on the e as t  and ris e s  to 1 7 0 0  fe et  
on  the  we s t .  The Hi ghl and Rim e r o sion surface , which was 
up li fte d  during the Pliocene ( Braun , 1 9 5 0 ) , lie s  8 0 0  fee t  
b e l ow the we s t e rn rim o f  the P l at e au . Mo s t  o f  the P l ate au 
in Fen t re s s  County drains t o  the e as t  through C l e ar Fork , 
Whit e  Oak C re ek ,  and Laure l Fork int o Big South Fork o f  the 
Cumb e r l and Rive r .  A smal l s outhe rn p o rtion o f  the county 
drains e a s tward through C l e ar Creek t o  the Ob e d  and on t o  
t h e  Emory and Tenne s s e e  Rive r s . Much o f  the wes t e rn are a  
drains we s tward int o  t h e  Ob ey Rive r ,  whi l e  the n orthe rn 
fringe empties  int o  the Wo l f  Rive r . 
The P l at e au i s  c apped by a rel ative ly re sis t ant 
c rus t o f  s ands tone and congl ome rate of Penn s ylvanian age 
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(Wil s on , e t  al . ,  1 9 5 6 ) . Mo s t  o f  the e as t - fl owin g s tre ams 
have fai l e d  t o  cut through the s ur face in Fentre s s  County ; 
as a re s ul t , the s treams fal l  at a gent l e  rate  and in 
many p l ac e s  have we l l-deve l oped swampy b ottoms ( Gl enn , 
1 9 2 5 ) . Whe re the s t re ams penetrate the crus t in their 
l owe r r e ache s , howeve r , s t e ep - sided gorges  o f  2 0 0  to 4 0 0  
feet  re s ul t  ( Gl enn , 1 9 2 5 ) . T o  the we s t , the Ob ey and Wo l f  
Rive rs have e roded int o  the s o fter  Mi s si s sippian lime s t one s 
unde rlying the hard Pennsylvanian crus t , p roducing a 
s t ron gly dis s e c t e d  e s carpment with s eve ral me s a - like out lie rs . 
The maj o r  rock group s  o f  the Cumb e rl and P l at e au in 
Fent re s s  C ount y  are the C r ab Orchard Mountain Group and the 
Giz z ard Group (Wi l s on ,  et al . ,  1 9 5 6 ) . Rock cas t l e  C on g l om ­
e rate o f  the C r ab Orchard Mount ain Group is  t h e  domin ant 
sur face ro ck . I t  r anges  from 1 0 0  fee t  in thickne s s  in the 
north o f  the c ounty t o  s ome thing great e r  than 3 0 0  fe et in 
the s outh . Unde rlying the Rockcas t le is  a p o orly  di ffe r ­
entiat ed  mas s o f  int e rb e dded s ands t on e s  and s h al e s  cal l e d  
the Fentres s Formation. I t  include s the remainin g Crab 
Orchard Mount ain fo rmations and the Giz z ard Group . In the 
ext reme e as t e rn part  o f  the county , the Rockcas t l e  is ove r ­
l ain b y  shale s  and s ands t on e s  o f  the youn ge r  C ro oked  Fork 
Group . In the val l eys  o f  the Obey and Wo l f  Rive rs are 
exp o s e d  Mis sis sippian lime s t ones  b e l on ging to the Fort Payne , 
Wars aw , St . Louis , and Monteagle  formations ( Hardeman , 1 9 6 6 ) . 
Soi l s  on the r o l ling t o  l eve l P l at e au t ab l e l ands 
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b e l on g  t o  t h e  Hart s e l l s  and Lonewood s e ri e s . l The s e  are 
l o amy s o i l s  two to s ix fe et  deep t o  b e drock . Steeper  
s lope s on  t op of  the P l at e au are typ ic a l ly man t l e d  by 
Rams ey s oi l s  whe re the p arent mat e r i al is  s ands t one and 
G i lp in s oi l s  whe re the parent mat e r i al i s  s h al e . Rams ey 
s o i l s  are  gene ral ly l e s s  than 20  inch e s  to  be drock wh i l e  
G i l p in s o i l s  a r e  about thre e fe et  de ep . The uppe r  e s carp ­
men t  co l luvi a l  s oi l s  are typ ical ly Gr ims ley , wh i l e  the 
l ower e s carpment s o i l s  are Boul din . Both s o i l s  are rocky 
and deep ; the  Grims ley  s o i l s  have comb ined A and B hor i z on 
thi ckne s se s  o f  ab out five f e e t  wh i l e  the Bouldin s o i l s  are 
up to  2 0  fe e t  deep . Talus s l opes  are covered  by mo de rately  
deep Talbo t t  s o i l s . In  the uppe r  re ache s o f  the Wo l f  and 
Obey Rivers , t e rraces  are b l anke ted  by deep , l o amy , we l l -
drained s o i l s o f  the Sequatchi e  s e r ie s , wh i le Sul l ivan 
s o i l s  are on the  floodp l ains . In the l ower ends o f  the 
val l eys , S e quat ch i e  s o i l s  are rep l aced by Etowah s o i l s  and 
Sul l ivan s o i l s  are rep l aced  by Wayne sboro  s o i l s . 
Fentre s s  County h as a tempe rate c l imate w i th 
mode rate ly co l d  winte rs and warm summers . The me an annual 
temp e r ature i s  ab out 5 5 °  F ;  January has a me an max imum o f  
4 8 ° F and a me an min imum o f  2 8 °  F ,  wh i l e  Jul y  h as a me an 
maximum o f  8 7 °  F and a me an min imum o f  6 4 ° F ( Di ck s on , 1 9 7 4 ) . 
lAl l s o i l s  in format i on come s from Je s s e Campb e l l , 
Uni t e d  S t at e s  S o i l  Con s e rvat ion Se rvi ce , Jame s town , 
Tenne s s ee . Mr . Campb e l l  i s  p r e s ently  conduct in g a s o i l  
s urvey o f  Fentre s s  County . 
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The l as t  fro s t  c ome s i n  m i d - t o - l at e  Apr i l  whi l e  the fi rs t 
fal l  fros t  i s  gene ral ly in mid - Oc t ob e r  ( Dick s on , 1 9 74 ) . 
The me an annual p r e cip i t at i on o f  5 2  inche s i s  we l l  
di s t ributed throughout the y e ar . Prec ipitat i on is 
t ypically  4 . 5  to 5 . 5  inche s per month wi th March havin g 
the greate s t  p re c ip it at i on ( 6  inch e s )  and Oct ob e r  having  
the  l e as t ( 2 . 5  inches )  ( Nation al Oce anic and Atmos pheric 
Adminis trat i on , 1 9 7 4 ) . 
Fore s t  Ve ge tat i on 
App roximate ly 8 1  p e rcent o f  Fen t re s s  C ounty is 
fore s t e d  ( Tenn e s s e e  Val le y  Authority , 1 9 7 4 ) . The fo re s t s  
have b e en h e av i ly l o gged  for the las t 1 0 0  years , and vi rgin 
s t ands are prob ab ly nonexi s tent . F i re has a l s o  had a pro ­
found e ffe ct in the county ( Glenn , 1 9 2 5 ) . Although cat t l e  
graz ing in the woo ds is  n o  l onge r  c ommon , farme rs us ed t o  
s e t  fire t o  the woods e ach s p ring t o  improve the ran ge . 
Today it is almo s t  imp o s sib l e  to  find s t ands that do not 
s how s ome evidence o f  fire . 
Records o f  the p r e dis turb ance  fore s t  ve ge t at i on are 
generally l imit e d  to ane cdot al c omment s  of e arly t rave l ers  
( e . g . , s ee Wil l i ams , 1 9 2 8 ) . Sudworth and Ki l l eb rew ( 1 8 9 7 ) 
o ffe r s ome de s c rip tions o f  general Pl ate au ve get ational 
p at t e rn s , but the fir s t  de t a i led  accoun t s  are provided by 
Hal l ( 1 9 10 ) . Hal l re c o gn i z e d  four fo re s t type s  fo r the 
Cumb e r l and P l at e au are a inc l uded in Fent re s s  County . The 
cove fores t s , found in P l at e au cove s and at the b as e  o f  the 
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e s carpment , were dominated by Que rcus alb a , 2 Liriodendron 
tulipi fe ra ,  and C a s tan e a  dentata  with Fagus grandi fo li a 
and Ace r  s accharum being next in imp o r t ance . As s ociat e s  
inc lude d  Carya s pp . , Que rcus ve l utina , �· rubra , Q .  prinus , 
Ae s culus o c t andra , Ace r  rub rum , Tilia s p . , Fraxinus 
ame rican a ,  and Ulmus s pp . with  an occ asion al Tsuga 
canaden sis . H a l l  be lieve d that the p aucity o f  Tsuga 
canadensis and the hi gh dominance  o f  Que rcus alb a s eparat e d  
the s e  cove fore s t s  from the typical  Appa l achian c ove h ard­
woods . Upl and s l ope fore s t s  we re  dominat ed by  Quercus 
p rinus , �· ve lutina , Q .  coccine a ,  Q .  alb a , and C arya spp . 
Cas tane a den t at a , Nys s a  s ylvatica , and Pinus e chinata we re 
common as s oci at e s . P l ate au swal e s  were typica l ly Que rcus 
ve lutin a ,  Q .  a lb a ,  Q .  fal cat a ,  Q .  coccin e a , and C arya s pp . 
Le s s  imp ort ant  s p e cie s inc l uded Nys s a  sylvatica , C as tanea  
dent at a , Que rcus p rinus , and Pinus e chinat a .  Swampy b o t toms 
in the swal e s  h ad he avy s t ands o f  Ace r  rub rum , Nys s a  
s ylvatica , and Liquidamb ar s tyraci flua , and o ften a thick 
unde rs tory o f  I le x  opaca . P l at e au ridge fore s t s  had thin , 
s andy , unp roductive s oi l s  and s upp o r t e d  s t ands o f  Que rcus 
s t e l l at a , Q .  rnari l andic a ,  Q .  coccine a ,  �· prinus , Carya 
p a l lida , Nys s a  sylvatic a ,  and Cas tan e a  dent at a .  Pinus 
virgini ana and P .  echinata we re o ften common . 
Braun ( 19 5 0 )  e s s ential ly c l as si fied al l o f  the 
2 Throughout the text n omen c l ature fo l l ows  Rad fo rd , 
Ahl e s , and B e l l  ( 1 9 6 8 ) . 
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fore s t  in Fen t re s s  County a s  p ar t  o f  the Cli ff Section o f  
the Mixe d Mes ophytic Fore s t  r e gion . B raun recogniz ed  a 
s e rie s o f  s e gregat e s , h oweve r , that charac t e ri z e  the 
fo re s t s  in the are a .  I n  the b ro ad fl a t s  o f  the small  up ­
l and s treams are swampy fore s t s  o f  Que rcus p alus t ris and 
Liquidambar s tyraci flua with Ace r  rubrum , Nys s a  sylvatica , 
Que rcus bic o l o r , and Q .  imb ri c aria . The swamp fore s t s  are 
b o rde red  by s t ands o f  Fagus  grandi fo li a , Que rcus alb a , 
Liquidamb ar s tyraci fl ua , and Li ri o dendron tulipi fe r a .  
Dri e r  sit e s  a r e  occupied by Que rcus alb a ,  Q .  ve lutina , Q .  
s te l l at a ,  Carya s pp . , Liri odendron tulipi fe r a , Cornus 
fl o rida , Pinus echinat a ,  and P .  ri gida . Shrub s o f  the 
he ath fami l y  ( E ricace ae)  are qui t e  c ommon . On the s l op e s  
b e l ow t h e  cliffs , the re i s  a marked s hi ft t oward rich 
me s ophytic fore s ts . Que rcus alb a and Fagus grandi fo lia 
are mos t  abundant on s outhern s l ope s . The me sic s l opes 
are o ccupied by  Liriodendron tulipi fe r a , Tsuga canadensis , 
Ti li a h e t e rophy ll a ,  Jug l an s  ni gr a , Magn o li a  acuminat a ,  Ace r  
s accharum , A .  rubrum , Que rcus p r inus , Q .  alb a , Nys s a  
sylvatica ,  C arya s pp . , Ae s culus oct andr a , and Fagus grandi ­
folia . 
She rman ( 1 9 5 8 )  re co gniz e d  three fore s t  typ e s  and one 
dis turb ance type ( from l o ggin g and mining) in Buffal o Cove , 
two and one - hal f mil e s  s outh o f  Jame s town , in Fentre s s  
County , on the wes tern e s carpment . Mixe d  me s ophyti c 
fore s ts are found along  the  s tre am and p artial ly up the 
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s l ope  on the n o r th - facing side of  the cove . Oak - hickory 
extends  from the mixe d me sophytic fore s ts t o  the t op o f  
the e s carpment on north- facing s l op e s  and t o  a b and o f  
Que rcus p rinus on s outh - facin g s l ope s . On s outh - facin g 
s l ope s , Q .  p rinus extends t o  the t op o f  the e s carpment . 
Oth e r  r e gional  s tudie s have identi fie d simi l ar 
fore s t  p at t e rn s . C ap l enor ( 1 9 6 5 )  de fine d  six c ommunity 
typ e s  in the gorges  o f  Fal l Creek F al l s  S t at e  Park in Van 
Buren County - - mixe d me s ophytic , heml ock , heml ock -ye l l ow 
birch , heml o ck�b a s swo od , o ak - hick o ry , and che s tnut oak . 
Martin ( 1 9 6 6 )  i denti fied five fore s t  typ e s  on Wil s on 
Mount ain in Morgan County - - che s tnut o ak , ye l l ow p op l ar , 
northe rn re d o ak , white  o ak , and s h o rt l e af pine - o ak .  
C ab re r a  ( 1 9 6 9 )  re c o gniz e d  thre e mix e d  me s ophytic s e gre ­
gat e s  on Ash L o g  Mountain in Cumb e r l an d  Count y - - re d  oak ­
s ugar map l e - b l ack l ocus t , s ugar map l e - re d  o ak - ye l l ow 
p op l ar - b as s wo o d , and sugar map l e - y e l l ow p op la r - b as swood­
buckeye - - p l us a che stnut o ak-b lack l ocus t type . Finally , 
Safley ( 1 9 7 0 )  s ep arat e d  out 2 2  fore s t  type s  in the drainage 
o f  the Bi g S outh F o rk of the Cumbe r l and Rive r .  The s e  were 
mo s t ly Que rcus alb a dominat e d , howeve r , and coul d b e  d i s ­
tin guished on the b a s e s  o f  s l ope , aspect , proximity t o  
drainage , and s l ope  position . 
Thus , the fore st  pat t e rn de s crib e d  by  Hal l ( 19 10 )  
and thos e  o f  l at e r  inve s tigat ors are fai rly simi l ar . The 
maj o r  di ffe rence is the ab s ence o f  C as t anea  dent at a from 
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the more re cent s tudie s .  C .  dentata  was once a dominan t 
specie s throughout the re gion ; it has been virtually 
eliminated , h oweve r , by the che s tnut blight ( B r aun , 19 5 0 ) . 
A s e c ond di ffe rence , o f  le s s  signi ficance , is the relative 
p aucity o f  T s uga c anadensis in the me s ophytic fore s t s  o f  
Hall ( 1 9 1 0 )  comp ared  t o  the me s ophytic fore s t s  de s cribed  
by B raun ( 1 9 5 0 ) . Whe ther  this  di ffe rence is  re al o r  
apparent is ques tionable . The re s ults  o f  Caplenor ( 19 6 5 )  
and S a fley ( 1 9 70 )  give added wei ght t o  Braun ' s  conclusion s 
and make one t end  t o  b elieve that Hall simply did not look 
in the right place s . 
CHAPTE R I I I  
FIELD  METHODS AND DATA P REPARAT I ON 
F i e l d  Techn ique s 
One hundr"e d and e i gh ty p l o t s  we re ori ginal ly e s tab ­
l i shed in Fent re s s  County . P l ot s  were approximat e ly 1 . 5  
mil e s  ap art and were l ocated  by p l ac ing a s quare gr id ove r  
t op o graphic maps ( Tenne s s e e  Val l e y  Auth o r i ty , 1 9 7 1 ) . One 
hundred  and forty - four o f  the ori ginal p l ot s were c l as s i ­
fied as fore s t  wh i l e  the rema ining  p lo t s  we re c l as s e d  as 
open l and or  wat e r .  Onl y  1 3 5  fore s t  p l ot s  we re actual ly 
us e d  in the  ve get at i on analys i s , howeve r .  The oth e r  n ine 
fore s t  p l ots  we re dis carde d b e caus e they fe l l  in woode d  
pas ture o r  i n  s ap l in g - age p ine p l an t at i ons . 
Circul ar 1 / 5 - ac re p l ot s  were us e d  in the s urvey 
( Tenne s s ee  Val l e y  Author i ty , 1 9 7 1 ) . E ach p l ot contained a 
1 / 2 0 - acre concen t r i c  s ubp l o t .  At e ach o f  the c ardinal 
p o in t s  of the 1 / 2 0-acre s ubp l o t , c ircular 1 / 1 0 0 - acre s ub ­
p l o t s  we re e s t ab l i shed . Al l p l o t  and s ubp l ot rad i i  we re 
corre cted for s l ope  ( Bryan , 1 9 5 6 ) . Two one - s quare-met e r  
quadrat s were l aid  out i n  e ach 1 / 10 0 - ac re subp lot . 
With in the 1 / 5 - acre p l o t  al l trees  hav ing  a diame t e r  
o f  1 1  inche s  o r  mo re a t  4 . 5  fee t  ab ove ground ( DBH) we re 
recorde d by s pe c i e s  and d i ame t e r  t o  the neare s t  0 . 1  inch . 
Al l t r e e s  5 . 0 t o  1 0 . 9 5 inch e s  DBH in the 1 / 2 0 - acre s ubp l ot 
were s imil arly re c o rde d .  Tre e s  from 1 . 0  to 4 . 9 5 inche s DBH 
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were re corde d by spec i e s  in l - inch diame t e r  c l as s e s  for 
each o f  the 1 / 1 0 0 - acre s ubp l ot s . Tre e s  5 . 0 inche s and 
ab ove were c o l l e ct ive ly c l as s i fi e d  as  ove rs tory wh i l e  
tho s e  b e tween one and five inche s w e r e  c l as s i fi e d  a s  
reproduc t ion . 
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Shrub s ( a l l  general ly accep ted  s h rub s pe c i e s  p lus 
other woody s tems two fee t  t a l l  or tal l e r  b ut l e s s  than 
one inch DBH) were re corded by  den s ity  and d i ame t e r  in 
e ach 1 / 1 0 0 - ac re s ubp l o t . Quarter inch , hal f inch , one 
inch , two inche s , etc . ,  s i z e  c l as s e s we re us ed  for record ­
ing s hrub d i ame te r .  A shrub h ad t o  b e  rooted  in the s ubp l o t  
in orde r t o  b e  re corde d .  Ground cove r s pec i e s  ( al l  
herb ace ous p l an t s  p lus a l l  woody s tems l e s s  than two fee t  
tal l )  we re re c o rde d b y  e s t imate d  pe rcent cov e r  in e ach 
quadrat . I f  any p art o f  a ground cov e r  s pe c i e s  fe l l  within 
the pe r ime t e r  o f  a quadrat it  was accep t e d  as  b e in g  in the 
quadrat . Total  pe rcent cov e r  of a l l  s h rubs and al l ground 
cover  s pe c i e s  within 1 / 1 0 0 - ac re s ubp l ot s  or quadrat s was 
e s t imated  as was the t ot al pe rcent cov e r  of the comb ined 
reproduc t i on and ove r s t o ry l ayers  within each p l o t . A 
p re s ence l i s t  was made o f  any o the r spe c i e s  found within 
the 1 / 5 - acre  p l o t  that we re n o t  o th e rw i s e  s amp l ed . 
E l evat ion o f  each p l ot was d e t e rmine d from t op o graphi c  
map s . Asp e c t  was re corded t o  the ne are s t  de gree b y  us e o f  
a hand c omp as s .  S l ope angle  was e s t imated by ave raging the 
ups lope and downs l ope ang l e s  me a s ured  from p l o t  cente r  with 
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a cl inome t e r . S l ope shape ( c oncave , fl at , or  c onvex) was 
re corded for b oth acros s  and down the s l ope . Pl anime t r i c  
d i s t ance from p l ot cent e r  to  the t op o f  the s l ope  and to  
the  foo t  o f  the s l ope was  me asured from t opo graph ic map s . 
At the e ight maj or  comp a s s  d i re ct i ons  (N , NE , E ,  SE , S ,  SW , 
W ,  NW) the ang l e  b e twe en a h o r i z ontal s urface and the 
hor i z on was me asured with a c l inomete r .  
Drainage order for the val l e y  o r  cov e  in wh ich the 
p l o t  l ay was d e t e rmined .  Drainage o rde r c l o s e ly paral l e l s  
s t re am o rde r i n  that f i r s t  o rder  drains cont ain int ermi ttent 
or fi r s t  o rde r s t reams , s e c ond  o rde r drains  c ont ain s econd 
o rde r s t re ams , e t c . Z e ro orde r drains , howeve r ,  are smal l 
cov e s  and h o l l ow s  hav ing  no  s t re am runn ing through the m .  
Phys i o graph ic  s ite  o f  e ach p l o t  was c l as s ed  a s  ( 1 )  
Cumb e rl and P l at e au - l eve l , ( 2 )  Cumb e rl and P l a t e au - ro l l ing , 
( 3 )  c l i ffs s e c t i on ,  or  ( 4 )  b ot t oms and t e rr ace s b e l ow the 
c l i ffs s ect i on .  The Tenne s s e e  Val l ey Autho r i ty ( 1 9 7 1 )  
t op o graphi c  s it ing  sys tem was us e d ; p l o t s  were c l as s i fied  
as  ( 1 )  dry upl an d , (2 ) upl and f l a t s , (3) mo i s t  up l and , or  
(4 )  b o t t om l and . 
App roximat e ly four s o i l  s amp l e s  were co l le ct e d  for 
e ach p l o t . The 0 hor i z on was removed and the s amp le  was 
taken from the t op s ix inch e s  of  mine ral s o i l . Samp l e s  
we re then c omb ined int o  a s ingle , c omp o s i t e  s amp l e , 
repre s entat iv e  o f  the ent ire p l ot . S o i l  depth (depth t o  
b a s e  o f  B h or i z on )  and root in g depth t o  a max imum o f  3 6  
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inch e s  we re de t e rmined by d i gging a s o i l  p i t  and by us ing 
a s o i l  prob e . Stone v o lume was e s t imat e d  from the s o i l  
p i t  and from the p e rcentage of s u r face s t one . The p re ­
dominant rock in the s o i l  and any ne arby out crop were 
us ed  to de t e rmine parent mate rial . 
Preparat i on of Dat a fo r Analys is  
Env i ronmen t al charact e r i s t i c s . A numb e r  o f  the 
env i ronmental charact e r i s t i c s  coded and recorded in the 
fi�ld  c ou l d  be us ed  directly  in the data  analys i s . Seve ral , 
howeve r ,  re qu i r e d  furthe r analys i s  or  t r ans fo rmat ion . A 
c omp l e t e  l is t  o f  al l env i ronment al charact e r i s t i c s  i s  given 
in Tab l e  1 .  
All  s o i l  s ampl e s  were oven d r i ed and s h ipped to  the 
S o i l  and P l ant Analys i s  Lab o r atory , Un ive rs i t y  o f  W i s c ons in , 
M ad i s on . Phy s i c al analys i s  ( pe rcent s and , s i l t , and c l ay) , 
pH , o rgan i c  mat te r ,  ava i l ab l e  phosphorus , and exch ange ab l e  
calc ium , magn e s ium , p o t a s s ium , and s od ium w e re det e rmined 
for e ach s amp l e . 
P l an ime t r i c  d i s tance t o  the t op o f  s l ope  and t o  the 
b ot t om of s l ope  from p l o t  cent er was c onve rt e d  to t rue 
s l ope  d i s t ance us ing the Pyth agore an the ore m .  As an 
examp l e , l e t  P = p l an ime t r i c  d i s t ance from p l ot center to 
the t op of s l ope , and let E = e l evat i on d i f fe rence be tween 
the two p o int s . The t rue s l ope d i s t ance  D ,  the re fore, i s  
D = ( P2 + E 2 ) 1 / 2 . 
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Tab l e  1 .  Env i ronment al charact e r i s t i c s  me as ure d for al l 
Fent re s s  County ve getat i on p l o t s . 
Env i ronment al Charact e r i s t ics  
Depth t o  � h or i z on ( inche s )  
Roo t ing depth ( inche s )  
S t one  vo lume (pe rcent)  
P ercent s and 
Percent s i l t  
Percent c l ay 
S o i l  pH 
Parent mat e r ial  
Organ i c  mat t e r  
Ava i l ab l e  phos ph o rus ( t ons / ac re ) 
Exchan g e ab l e  c a l c ium ( lbs . /acre)  
Exchangeab l e  magne s ium ( lb s . / acre ) 
Exchan g e ab l e  p o t as s ium ( lb s . / acre)  
Exchan g e ab l e  s odium ( lb s . /acre)  
E l ev at i on ( fe e t )  
Aspect  ( de gre e s )  
Top o graph i c  s it e  
Phy s i o gr aph ic  s it e  
Drainage o rde r 
S l op e  ang l e  (pe rcent)  
Ac ro s s  s l ope  s hape 
Down s l ope  s h ape  
D i s t ance to  top  of  s l ope ( fe e t )  
Dis t ance t o  b o t t om o f  s l ope ( fe e t )  
Re l at ive s l ope p o s i t i on 
Percent o f  sky v i s ib l e  to  p l ot 
Canopy c ov e r  (pe rcent ) 
Fire  evidence 
Graz ing ev i dence 
S l ope p o s it i on was cal cu l at e d  by the formula 
p = B 
T + B 
where P = s l ope  p o s it ion , B = d i s tance t o  the b ot t om o f  
2 1  
the slope from p l o t  cent e r , and T = d i s t ance t o  the t op o f  
the s l ope  from p l o t  cent e r . Hence , a p l ot l oc at e d  on a 
ridge c re s t wou l d  have a value o f  1 ,  a p l ot in the middl e 
o f  a val l ey wou l d  have a value o f  0 ,  and one l o cated midway 
up the s l op e  would hav e  a value o f  . S O .  
Asp e c t  was c onv e r t e d  t o  an o rdinal  numb e r  r anging  
from 0 t o  2 . 0 0 acco rdin g t o  tab l e s  prov i ded  by  B e e rs , 
Dre s s ,  and Wen z e l  ( 1 9 6 6 ) . The t rans formation i s  b as e d  on 
the e quat i on 
At = c o s  C4 5 - A) + 1 
whe re A is  the  aspe ct recorded in d e gr e e s  and At i s  the 
trans fo rme d value . The as s umpt ion is made that n orthe as t e rn 
aspe c t s  are mo s t  me s ic CAt = 2 . 0 0 ) , s outhwe s t ern aspe c t s  are 
mo s t  xeric  CAt = 0 ) , no rth and e as t  aspects  are comparab l e  
( At = 1 . 7 1 ) , n o rthwes t  and s outheas t aspects  are c omp arab l e  
(At = 1 . 00 ) , e t c . 
The ang l e s  to  the ho r i z on in the e i ght maj o r  compas s 
d i rect i ons  were  u s e d  t o  cal cul ate  the pe rcent o f  the b owl o f  
the s ky v i s ib le t o  e ach p l o t . As sume for the moment that the 
sky c an be  v i s ual i z ed as a hemisphe re whose  h o r i z on i s  at a l l  
po int s the s ame e l evat i on as  p l o t  cente r  ( Fi gure 1 )  . The 
surface S o f  t h i s  hemi s ph e re i s  
S = 2nR2 
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F i gure 1 .  D i agram showing the s ur face o f  the b owl 
o f  the s ky as  v i s ual i z e d  from p l ot cente r  P .  See  text 
for  furthe r e xp l an at i on . 
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where  the radius R i s  the d i s t ance from p l o t  cent e r  t o  any 
po int on the surface . I f  the hemisphe re i s  cut by a p l ane 
p aral l e l  to the p l ane of the ho r i z on , the s ur face o f  
s e c t i on sl o f  the hemi sphere i s o l at e d  b y  the two p l ane s i s  
where H is  the p e rpend icul ar d i s t ance b e twe en the p l ane s . 
The s u r face o f  the s e ct ion S 2 b e tween the cut t in g  p l ane and 
the z enith i s  
S2 = S - S 1 = 2rr R2 - 2rrRH . 
In Fi gure 1 P i s  p l ot cent e r , � i s  the ave r age o f  
the e i ght an g l e s  t o  the hor i z on from p l o t  cen t e r  in the 
maj or comp as s d i rect ions , and H i s  the ave rage h e i ght o f  
the h o r i z on ab ove p l o t  cente r . The s haded are a s2 then i s  
the b ow l  o f  the s ky v i s ib l e  t o  the p l ot . 
s 2 can b e  c onve r t e d  t o  percent o f  the t o t al bowl  o f  
the s ky by 
% s 2 = 1 0 0  2 � ( 2n R  - 2rr RH) 
or  
% Sz 1 0 0  ( 1  
H = - -) . R 
S ince s in � = H howeve r ,  
R
' 
9< 0 Sz = 1 0 0 ( 1-s in�) . 
Thus , for examp l e , i f � = 1 1° ,  
% s 2 = 1 0 0  ( 1 - s in 1 1 )  = 8 1  percent . 
Init ial  c a l cul at i on s  on t op o gr aph ic shading  were 
made t o  s e e  i f  hori z on e l evat ion , p art icul arly for s outh e rn 
exp o sure s , s ign i fican t l y  a ffected  the amount o f  d i rect  s ol ar 
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b e am rad i a t i on imp inging o n  a given p l o t . Seve ral p l o t s  
were s e l ec t e d  wh ich appe ared t o  b e  mos t  l ike ly affected . 
Direct  s o l ar radiat i on was c omputed  from t ab l e s  prov ided 
by Frank and Lee ( 1 9 6 6 )  and Buffo , F r i t s chen , and Murphy 
( 1 9 7 2 )  and from s un path d i agrams found in B rown ( 1 9 7 3 ) . 
In e ach cas e , however , inc o rporat ing s h ading into the 
calcu l at i ons  a l t e red  the numbe r  o f  l an g l eys dur ing the 
growing s e as on by only a few pe rcenta ge p o int s . The s e  
pe rcent age p o in t s  were c on s idered  ins i gn i ficant , espec ial ly 
in l i ght of  the we akne s s  of  the as s umpt i ons  p l aced on the  
c a l cul at i ons . No att empt , there fore , was  made to  
incorp o rate annual incomin g s ol ar rad i at i on in lat e r  
analys e s . 
Quant i t at ive ve ge t at ional charact e r i s t ics . Within 
e ach 1 / 5 - acre p l o t , dens i ty and b as al area we re cal culated 
for a l l  ove r s tory spec i e s . B e cau s e  ove r s t o ry tre e s  l e s s  
than 1 1  inch e s  DBH were onl y  recorded  in the 1 /2 0 - acre 
subp l o t , the i r  dens ity and b a s al are a  v alue s were mul t ip l i e d  
by  four to  put them o n  a c omp ar ab l e  1 / 5 - ac r e  b a s i s  with the 
l arge r ind iv idua l s . Dens i ty and b as al are a  o f  e ach repro ­
duc t i on spec i e s  with in e ach  1 /1 0 0 - acre s ubp l o t  were 
de te rmined and totaled  for the four s ubp l ot s  in e ach p l o t . 
Frequency was a l s o  cal cul ated  for e ach s p e c i e s  in the four 
1 / 1 0 0 - ac re s ub p l o t s . Hence , fre quency , dens ity , and b as al 
area for reproduc t i on were expre s s e d  on a 1 / 2 5 - acre b as i s . 
S imi l ar cal cul at i ons  were made fo r the shrub s p e c ie s . 
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S ince diame t e rs for  reproduct i on and shrub s were recorded 
in s i z e  c l a s s e s , the midpo int of e ach s i z e  c l as s  was us ed 
in calcul at ing b a s al are a .  
Rel at ive b a s al are a  fo r e ach s p e c i e s  in e ach s t ratum 
was calculat e d  by  mul t ip l y ing  1 0 0  t ime s the b as al are a o f  a 
given spe c i e s  then d iv iding by the t o t a l  b as al are a of a l l  
s p e c i e s  with in the s tratum . S imi l arly , re l at ive dens ity and 
re l at ive frequency were c a l culat e d  by mul t iplying 1 0 0  t ime s 
the dens ity o r  fre quency o f  e ach s p e c i e s  then div i ding by  
the s ummed den s i ty or f re quency of al l s p ec i e s  in  the s tr a tum . 
Fre quency of ground cove r s p e c i e s  amon g the e i ght 
quadrats  in e ach p lot  was de t e rmine d ,  and r e l a t ive frequency 
was cal cul ated as ab ove . Re l at ive percent  c ove r fo r ground 
cover  was a l s o de t e rmined by mul t ip lying the s ummed pe rcent 
cove r o f  e ach spe c i e s  in the e ight quadrat s  by  1 0 0  then 
d iv iding by the s ummed pe rcen t cov e r  o f  a l l  s p e c i e s  in al l 
quadrat s w i t h in a p l ot . 
Imp o r t ance  value ( I V) for e ach s p e c i e s  in e ach 
s t r atum in e ach p l ot was c a l culated  by one of three ways . 
Fo r the ove r s t o ry : 
IV = ( r e l a t ive dens ity  + re l at ive b a s a l  area) 2 .  
For  reproduct i on and s h rub s : 
IV = ( re l at ive dens ity + re l at ive bas al are a + 
re l at iv e  frequency) � 3 .  
For  ground cov e r  s p e c ie s : 
IV = ( re l a t ive fre quency + re l at ive pe rcent cover) 2 .  
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S ince a l l  importance value s were s c a l e d  t o  a maximum 
o f  1 0 0 , they rep re sent in e ffect the p e rcent importance o f  
e ach s p e c i e s  in e ach s tr atum .  Mean importance value with in 
any given t ype  fo r each spe c i e s  was cal cul at ed by  s umming 
the I V ' s o f  a s p e c ie s  ove r  a l l  p l o t s  within the type , then 
div i d i n g  by t h e  t o t al numb e r  of p l o t s  within the t ype . 
Div e r s i t y  within e ach s tratum was cal cu l at e d  for 
e ach p l o t  b y  the  Shannon index , 
whe r e  P i i s  the  import ance v alue for a g iven spe c i e s  i ,  ln 
P i is  the natural l o garithm of Pi , and summat ion is ove r  
a l l  s p e c ie s w i t h in the s tratum ( P i e l ou , 1 9 7 5 ) . 
E qu i t ab i l ity  o r  evenn e s s  within e ach s t ratum in a 
given p l o t  was c alcul ated by a fo rmul a s ugge s t e d  b y  Buz as 
and Gib s on ( 1 9 6 9 )  , 
where  eH i s  the  Shannon inde x rai s e d  t o  a p owe r o f  the 
natural b a s e  e ,  and N i s  the t ot al numb e r  o f  s pe c i e s  w ith in 
the s t ratum . 
St ructural - funct i onal charact e r i s t ic s . Nine teen 
s t ruc tural and fun c t i onal  charac t e ri s t ic s  o f  ove rst ory 
spe c i e s  were s e l e ct e d  fo r analys i s . For mos t  charact e ri s ­
t ic s , e ach spe c i e s  was a s s igned t o  one o f  s everal  uno rdered 
c l as s e s . For  two charact e r i s t ics , woo d  dens ity  and b ark 
thi ckne s s , h oweve r ,  an ave rage fi gure was s e l e cted  from the 
---------------- -
l iterature and a s s i gned t o  e ach s pe c ie s . Tab l e  2 l i s t s  
each characte r i s t i c , cl as s  code s and exp lanat i on ,  and 
re fe renc e s  u s e d  for as s i gn ing  spe c i e s  to cl as s e s . 
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Fo r e ach charact e r i s t ic an ave rage v alue was com­
put ed for e ach p l o t  by mul t ip lying the charact e ri s t ic s c ore  
of  e ach s p e c i e s  in the  p lo t  by the  importance  value of  
that s p e c i e s , s umming the  product s  for al l s p e c ie s , and 
div i d in g  by the  s ummed importance values o f  a l l  s p e c i e s  in 
the p l o t . 
Compute r  Program S our c e s  
Spe c i e s  dens ity , fre quency , b as al are a, percent 
cove r ,  import ance  v alue , dive rs ity , and me an s t ructural 
and funct i on a l  characte r i s t i c s  were c a l culated  from pro ­
grams deve l op e d  by  C .  W .  Smart o f  the Tenne s s e e  Val l ey 
Author i ty . R .  H .  Stephens on o f  Oak Ridge Nat ional  Lab o ratory 
wrote the p r o gram for computing indi c ator  value s and me an 
indicator  s co r e s  ( see  Chap t e r  IV) . SAS package pro grams 
( Se rv i c e , 1 9 7 2 )  we re us e d  for all  cal cul at i on s  o f  me an , 
s t andard dev i at i on s , and analys i s  o f  var iance ( s e e  
Chap t e r  V) . G o l d s t e in and Gri gal ( 1 9 7 2 )  prov i d e d  the pro ­
grams for c lus t e r  analys i s and c a l culat ing s imi l ar i ty 
b e tween c l as s i fi c at ions  ( s e e  Chap t e r  V) . 
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Tab l e  2 .  S t ructural and funct ional charact e ri s t i c s o f  
ove rs tory s p ec ie s . 
Characteristic Class Code Explanation Reference 
Deciduousness 0 Deciduous Radford , Ahles , and 
1 Evergreen Bell (1968) 
Pollination 1 Wind Inferred from flower ; 
mechanism 2 Insect Powells (1965) 
Flowering 2 February Radford , Ahles , and 







Seed dispersal 1 Wind Inferred from fruit ; 
mechanism 2 Animal Powells (1965) 
Leaf or twig 1 More or less Harlow and Harrar 
fragrance odorless (1958) 
2 Strong odor 
Apomixis 1 None Powells (1965) ; 
2 Sprouts or Gleason (1963) 
layers 
Twig thickness 1 Slender Grimm (1957) ; Harlow 
2 Moderate and Harrar (1968) 
3 Stout 
Leaf size 1 Nanophyll Withrow (1932) ; 




Leaf thickness 1 Membranaceous Peattie (1954) ; 
2 Semicoriaceous Collingwood and Brush 
3 Sclerophyllous (1955) ; Harlow and 
Harrar (1968) 
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Tab l e  2 .  ( c ont inue d) 
Characteristic Class Code Explanation Reference 
Branching pattern 1 Excurrent Brown (1938) ; Colling-
2 Deliquescent wood and Brush (1955) ; 
Powells (1965) 
Wood density Number corresponds to Hough (1936) ; Colling-
average pounds per cubic wood and Brush (1955) 
foot dry weight . 
Root system 1 Shallow Peattie (1954) ; Col-
2 Deep lingwood and Brush 
(1955) ; Powells (1965) ; 
Harlow and Harrar 
(1968) ; Brown and 
Davis (1973) 
Bark thickness Number corresponds to an Sargent (1922) ; Brown 
average thickness in (1938) ; Collingwood and 
inches of a mature tree . Brush (1955) 
Susceptibility 1 Low Collingwood and Brush 
to surface fire 2 Intermediate (1955) ; Powells (1965) ; 
damage 3 High Brown and Davis (1973) 
Shade tolerance 1 Intolerant Baker (1949) ; Forbes 
2 Moderately (1956) ; Powells (1965) 
tolerant 
3 Tolerant 
4 Highly tolerant 
Soil moisture 1 Dry Brown (1938) ; Forbes 
preference 2 Dry-mesic (1956) ; Powells (1965) 
3 Mes ic 
4 Wet-mesic 
5 Wet 
pH preference 1 Acid Brown (1938) ; Forbes 
2 Acid-neutral (1956) ; Powells (1965) 
3 Neutral 
4 Neutral-bas ic 
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Tab l e  2 .  ( cont inued) 
Characteristic Class Code Explanation Reference 
Seral position 1 Pioneer Forbes (1956) ; 
2 Pioneer- Powells (1965) 
subclimax 




Growth rate 1 Slow Collingwood and Brush 
2 Moderate (1955) ; Powells (1965); 
3 Rapid Harlow and Harrar 
(1968) 
CHAPTE R IV 
NUMERI CAL CLASS I F I CAT I ON TECHN I QUE S 
Dat a S o rt ing  Te chn iques  
The re are  three maj or  dat a s o rt in g  te chn i que s in 
current u s e  t oday : c l u s t e r  analys i s , ordinat i on ,  and 
tabul ar s ort in g . Cluster  analys i s  and o rd inat ion are 
nume r ic a l  techn i ques that have come int o  vogue w i th the 
exp ande d  u s e  o f  computers ove r  the l a s t  dec ade and a hal f .  
I n  the e ar l y  1 9 5 0 ' s ,  Gooda l l  ( 19 5 3 a , 1 9 5 4 ) deve l oped  
t e chn i que s for  nume r i c a l ly c l us t e r in g  and o rd inating  ve ge ­
t at i on dat a ; but s ince the numer ous re quired  c a l cul at i ons 
had to be  p e r formed by hand , few p e op l e  were wi l l in g  to  
app l y  h is me thods to real  dat a . The r e  were a few othe r 
nume r i ca l  s t ud i e s  throughout the l at e  1 9 5 0 ' s  (not ab ly Bray 
and Curt i s , 1 9 5 7 ) , but it was not unt i l  1 9 6 0  when Wi l l i ams 
and Lamb e r t  ( 1 9 6 0 )  demons trated the c omput e r i z at ion o f  
as s oc i a t i on - analys i s  that nume r i c al te chn ique s b e gan t o  
f l our i sh . 
P r i o r  t o  the dev e l opment o f  nume r i c a l  techn ique s , 
dat a we re s o rt e d  by hand , gene ral ly through the man ipul a ­
t ion and r e a rr angement o f  dat a mat r i x  t ab l e s . Tabular 
s ort in g  i s  s t i l l  the p r e fe rred  me thod for the Braun - B l anque t 
appro ach , al though the re has b e en s ome progr e s s  toward 
comput e r i z ing the s or t ing  s t rate gi e s  ( c f .  We s th o f f  and 
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van de r Maare l , 1 9 7 3 ; Dale and Quadracc i a , 1 9 7 3 ) . As 
Dale  and Webb ( 19 7 5 )  p o int out , howeve r ,  the s k i l l s  and 
t ime o f  a t r a ined  ve ge t at i on eco l o g i s t  are s t i l l  he av i ly 
demande d .  Only t ime wi l l  j udge the adap t ab i l i ty o f  
nume rical techn i que s t o  the Braun-Bl anque t s y s t em . 
Numer ical  t echn ique s ,  in the ory at l e as t , have 
s everal  maj o r  advant ages  ove r  hand s or t in g .  To b e gin with , 
data  analys i s  i s  gene rally  fas te r ( e spec i a l l y  with large 
dat a  s e t s )  and doe s  not require as much s k i l l  in p roce s s ­
ing . The out s tanding advant age o f  nume r ical techn i que s , 
h owev e r , i s  that they imp o s e  a degree  o f  ob j ectiv ity on 
dat a s o rt in g  that tradit i onal me thods c anno t  approach . I t  
i s  t rue , o f  cours e , that sub j ect ive j ud gment i s  inv olved  in 
the s e l ect i on o f  nume r ical t o o l s . D i f fe rent ordinat ing and 
c lu s t e r in g  techn i que s can p ro duce quit e  di ffe rent resul t s ,  
s o  the inve s t i gator cho o s e s  tho s e  that intui t ive ly make the 
mo s t  s ens e . I t  i s  al s o  t rue that s ub j ect ive j ud gment i s  
gene ral ly requi red in determining the opt imal numbe r  o f  
c l us t e rs t o  us e in a par t icul ar c l as s i ficat i on scheme . In 
s ome c lus te ring p roce dure s  an arb i trary leve l o f  variat i on 
within group s  can be  e s tab l i shed at wh ich p o int the clus t e r ­
ing aut omat ic al ly s tops , but s e l ect ing the accep t ab le level 
of v ar i at i on r e quires  s ome s ub j ec t iv i t y . 
Nume r ical  techn i que s have inhe rent d i s advantage s  
too . M o s t l y , howeve r ,  the s e  ar i s e  out o f  the re l at ive 
immaturity o f  the app roach . One of the more s i gni ficant 
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d i s adv antages  i s  the b road var iab i l i ty i n  r e s ult s obt a in ­
ab l e  by di ffe rent clus t e r ing and o rdinat ing s t ra t e g ie s . 
Nume r ical  p ro c e dures come in all  shade s o f  qual ity ; 
de fin in g c r i t e r i a  to  evaluate them i s  a monumen tal  prob l em 
( c f .  Gowe r , 1 9 6 7 ; Jardine and S ib s on , 1 9 7 1 ; Gauch and 
Whi t t ake r ,  1 9 7 2 ; Rohl f ,  1 9 7 4 ) . The re are as ye t no t ruly 
adequate c r it e r i a .  As C l i fford and St ephens on ( 1 9 7 5 ) 
po int out , s o  c a l l e d  "des i r ab l e "  c r i t e r i a  c an o ft en re ­
s t r i c t  the inve s t i gator t o  techn ique s wh ich hav e  proven 
to  be  re l at iv e ly un fru i t ful . 
A great d e al o f  c ont rove rsy  has ari s en ove r  the 
re l at ive me r i t s  o f  the two b road nume ri cal app roache s ,  
o rdinat i on and c l as s i ficat ion . Much o f  the c ont roversy 
c l o s e ly p ar a l l e l s  the  controversy ove r  the  nature o f  p l ant 
commun i t i e s  ( s e e  Chap t e r  I ,  pp . 4 - 5 ) ;  and ,  in  l arge 
me asure , the  s ame conclus i ons  fo l l ow - - the cho i ce o f  tech ­
n i que s repre s en t s  l it t l e  more than a cho i ce in p o in t s  o f  
v i ew .  Ramens ky ' s  ( 1 9 3 0 )  g e ome t r i c  mode l i s  p art icularly 
h e l p ful f o r  unde r s t anding the di ffe rence b e twe en ordinat i on 
and c l as s i fi c a t i on .  In Ramensky ' s  mode l e ach s pe c ies  
repre s ent s a c o o rdinate axis  in a mul t i dimens i onal s p ace . 
P l o t s  are l o cated as p o ints  within the coordinat e s . The 
pos it i on o f  e ach p l o t  on e ach axi s  is de t e rmined  by the 
pre s ence ( o r  quant i t at ive expres s i on) o f  e ach s p e c i e s  w i th in 
the p l o t . A two - dimens i onal  examp l e  i s  shown b e l ow :  
Spe c i e s  5 A 
� 
X y � 4 � 
•n 
A 3 5 u 3 � 
� 
P l o t s  B 6 2 � 2 B 
c 7 2 
3 4 5 6 
Spe c i e s  X 
Numb e rs in the l e ft - hand examp l e  rep re s ent the 




d i s t ance i s  us e d  as the s im i l ar i ty coe ffic ient b etwe en 
p l ot s , then A and B are 3 /T = 4 . 2  un i t s  ap art , A and C are 
5 un i t s  apart , and B and C are 1 un it  ap art . Thi s , o f  
cours e , i s  a s imp l i fi e d  example  o f  on ly one o f  s everal  
p os s ib l e  mode l s . Orl oc i  ( 1 9 6 8 ) , Beals  ( 19 7 3 ) , Ke l s ey 
( 1 9 7 6 ) , and o the rs  p rov i de add i t i onal mode l s  that are a l s o  
us e ful . 
In  c l us t e r  analy s i s  an att empt i s  made t o  s imp l i fy 
the pat t e rn o f  p l ot s  in spec ies - s p ace by drawin g  part i t i on s  
through r e g i on s  o f  re l at ively  sp ars e p l o t  dens i ty .  The 
re sul t ing  i s o l at e d  c l us t e rs are then as sumed to be mor e  or  
l e s s  n atur a l . Ord inat i on , on  the othe r hand , attemp t s  t o  
a l t e r  the b as i c  s t ructure o f  the hypers pace . I t  col l ap s e s  
the o r i g inal  numb e r  o f  axe s b y  p ro j e c t ing p l ot s  ont o a 
smal l numbe r  o f  compos i t e  axe s . Although p ro j ect i on ont o  
compos ite  axe s c r e at e s  s ome d i s t o rt ion , it  has b e en found 
that a few axe s can account for mo s t  o f  the var i ab i l i ty in 
spe c ie s - s p ac e  ( Sne ath and S okal , 1 9 7 3) . Gene ral ly , two - or 
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three - d imen s i onal  ordinat i on s  are pre fe rred  b ecaus e the s e  
can b e  e as i ly vi s ual i z ed . 
In b oth c l as s i fi cat i on and o rd inat i on app roache s ,  
then , p l o t s  are pos i t i oned  in a mul t ivar i at e  s p ace  whos e  
d imen s i ons  can b e  cons idered  the s p e c ie s . The p l ot s  are 
ne ithe r randomly s cat t e r e d  n o r  re gul arly pos i t i oned  in 
spec i e s - space  ( Goodal l , 1 9 6 3 ) . S ome p l ots  t end to  
clus t e r  t o ge the r , whi l e  o the r s  d is p e rs e . I f  the inve s t i ­
gator  choo s e s  t o  l ook at the c lus ters , he w i l l  arrive at a 
c l as s i ficat ion . I f  he cho os e s  t o  examine the coordinate s ,  
he i s  l e ft w i th an ordinat i on .  Al though Goodal l ( 19 7 3 ) 
contends that natural  c lus t e r s  should b e  vi s ib l e  in an 
ordinat ion mode l , th i s  i s  app arent l y  n o t  the c a s e  excep t 
in ve ry s imp l e , c l e a r - cut s it uat i on s . Gri gal and Go l ds t e in 
( 19 7 1 ) , for examp l e , demons t rate d  by canoni cal  corre l at i on 
the e x i s tence o f  four di s t inct groups  de s p i t e  the fact th at 
p r in c ip al c omponent s  o rd inat i on s h owed no evidence of group 
clus t e r ing . Ordin at i on has t o o  many d i s tort i on p robl ems t o  
al l ow n atural c lus ters  t o  s t and out . C o l l ap s ing  s p e c i e s ­
sp ace int o  a few dimen s i on s  ne ce s s ar i ly creat e s  d i s tort i on .  
D i s tort ion al s o  ar i s e s  by  for c in g  spec i e s - s p ace , wh i ch i s  
nonl ine ar by  n ature , t o  con form t o  the l ine ar cons train t s  
o f  an ordinat i on mode l ( c f .  N oy - Me i r  and Aus t in , 1 9 7 0 ; 
Aus t in and Noy - Me ir ,  1 9 7 1 ) . Ke l s ey ( 1 9 7 6 )  app aren t ly 
e l iminated  the l at t e r  p r ob l e m  by  us ing a comp l e x - space mode l 
generated by the re spon s e o f  s p e c i e s  t o  environmental  
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gradients rath e r  than a s pe c ie s - s p ace mode l . The e ffect ive ­
ne s s  o f  h i s  app ro ach , h oweve r , ne eds furthe r t e s t in g .  
Ordinat i on s tud i e s  have b e en h i ghly acc l a ime d in 
re cent years , in l ar ge me asure b e c au s e  inve s t i gat o r s  inte r ­
preted  the re s ul t s  t o  me an that ve get at i on p a t t e rns  were 
c ont inuous . The resul t s  of the s tud i e s  of Swan ( 1 9 70 ) , 
Aus t in and Noy - Me i r  ( 19 7 1 ) , B e a l s  ( 19 7 3 ) , Wh i t t aker  and 
Gauch ( 1 9 7 3 ) , and othe rs , howeve r , s ug ge s t  that th i s  was 
too  fac i l e  an as s ump t i on .  In  fact , int e rp r e t ab i l i ty and ,  
indee d ,  the ut i l ity o f  ordinat ion s tud i e s  i s  not a l t o ge th e r  
c l e ar ( c f .  Aust in and Noy - Me i r ,  1 9 7 1 ) . As Aus t in and 
Noy - Me i r  p o int  out , h oweve r ,  the e c o l o gi c a l  imp l i cat i on s  
o f  a l l  nume ri c a l  techn ique s mus t b e  c r i t ical ly examined . 
Maj o r  C lus t e r in g  Strat e g i e s  
Clus t e r ing s trate g i e s , l ike  al l o th e r  ob j ec t s  o r  
phenomena , are s ub j ect  to  c l as s i fi c at i on .  Us e ful 
d i chotomous c l as s i fi c at i on s  have b e en d i s cus s e d  by Wi l l iams 
and Dal e ( 1 9 6 5 ) , Wil l i ams ( 19 7 1) , and Sne ath and Sokal 
( 19 7 3 ) . Onl y  thos e  wh ich have b een app l i e d  in ve ge tat i on 
e c o l ogy wi l l  b e  d i s cus s e d  h e re . 
Exclus ive ver s us nonexclus ive . Excl us ive c l as s i fi ­
cat i ons  are c l as s i fi cat i on s  in whi ch a given individual 
( p l ot in the p re s ent  s t udy) is con fined to  only one c l as s . 
In a nonexclus ive sys t em the s ame individual  mi ght b e  
found i n  s eve ral c l as s e s . Exclus ive c l as s i fi c at i ons are 
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almo s t  t o t al l y  us ed  i n  ve getat ion e c o l o gy .  The on ly known 
nonexclus ive app l i c at i on in ve ge t at i on e co l o gy i s  one by 
Yarran t on , et  al . ( 19 7 2 ) . They s t ate  that the method is  
s omewhat ine ffic i ent . Othe r than that , c r i t i c al evalua­
t ion is  premature . 
H i e rarch i c a l  ve rsus n onh i e r arch ical . A h i e rarch ical 
c l as s i ficat i on c ons i s ts of a b ro a d  c l as s i fi cat ion unit  ( the 
ent i re dat a s e t )  wh ich is p rogre s s ive l y  s ub divided  int o  
fine r un i t s  ( the fines t  un i t s  b e in g  the individual s ) . In a 
nonh i e r arch i cal  c l as s i fi cat i on ,  un i t s  are s eparat e d  from 
one ano the r l at eral ly ; there is no group ing o f  two or more 
un i t s  to fo rm a h i gher o rde r t ax on ( or s ynt axon) . Mos t  
c lus te r in g  p r o grams emp l oyed in ve g e t at i on e c o l o gy are 
h i e rarch ical . D e l  Moral ( 1 9 7 5 )  h as p rovided one examp l e  
o f  a nonh i e rarch i cal c lus te r analys i s  o f  fore s t  ve getat i on .  
Hie rarch i c a l  p r ocedure s opt im i z e  the rout e by wh i ch 
the h i e rarchy i s  bui l t  rath e r  than opt imi z in g the homo gene ity 
of the clus t e r s  forme d at e ach l e v e l  (Wi l l i ams , 1 9 7 1) . 
Thus a dec i s i on t o  clus t e r  o r  d i v ide group s  at one leve l  
cann o t  b e  a l t e red  at another leve l t o  a l l ow for greate r  
homo gen e i ty w i th in group s . Nonh i e rarch i c a l  p r ocedure s , on 
the othe r h and , are s tr ic t l y  conce rn e d  with  the homo gene ity 
of the c lus t e r s  thems e lve s ( W i l l i ams , 1 9 7 1 ) . Nonh i e rarch i ­
cal  s ys tems are more at t ract ive , the re fore , in l ocal 
s ituat i ons in wh ich clus te r h omo gene ity  i s  of spe c i al 
int e r e s t ,  wh i l e  h i e rarch ical techn i que s are more us e ful 
in re g i onal  s tudi e s  in wh ich knowl e dge o f  the re l ation ­
s h ip s  b e tween group s  at many leve l s  i s  de s irab le . 
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Mon o the t i c  ve rsus p o lythe t i c .  In monothet ic 
c lus t e r ing , e ach de c i s i on i s  b a s e d  on the re s p ons e o f  a 
s ingle  att r ibut e  ( spe c i e s ) . For examp l e , a p art i cular 
group i s  s p l i t  int o  s ub group s A and B b e caus e spe c i e s  X 
i s  p r e s ent in A and ab s ent in B .  I n  p o lythe t i c  pro ­
ce dure s , on the o ther  hand , e ach de c i s i on t ake s int o ac ­
count a l l  o f  the att r ibut e s  invo lve d .  As s oc i at i on 
analys i s  ( W i l l i ams and Lambert , 1 9 5 9 )  i s  the mos t  w ide ly 
app l ie d  mono the t i c  me thod . The re are a numb e r  o f  p o ly ­
the t ic p ro c e dure s us e d  i n  ve ge tat i on e c o l o gy ; the 
" s imi l arity  methods " of Wi l l i ams and Lamb e r t  ( 1 9 6 6 )  are 
good examp l e s . 
Monothet i c  clus t e r in g  has the advant age in e a s e  o f  
comput at i on and c l ar i ty o f  clus ters  (Wi l l i ams , 1 9 7 1 ) . 
Po l ythet ic me thods require  more compute r  t ime b ut are l e s s  
s ub j e ct t o  we ak c l as s i fi c at ions c aus ed  b y  the acc i dental 
pres ence or ab s ence o f  a par t i cular s pe c i e s  in a given 
p l ot ( Goodal l ,  1 9 7 3 ) . 
Aggl ome rat ive versus divis ive . Hie rarch i c al s ys tems 
can be b ui l t  by one o f  two ways . Individual group s  can 
e i th e r  fus e t o ge ther  ( aggl ome rat e )  int o  h i ghe r orde rs , or  
they can d ivide int o  l e s s e r  orde r s . Tho s e  procedures that 
fo l l ow the f i r s t  p ath are a g g l ome rat ive ; tho s e  that 
fol l ow the s e c ond are divi s ive . As s o c i at i on analys i s  
(Wi l l i ams and L amb e rt , 1 9 5 9 )  is  the mos t  out s t anding 
examp l e  of a d iv i s ive techn i que in ve get at i on e c o l o gy .  
Orl o c i ' s  ( 1 9 6 7 )  agglome rat ive techn i que i s  one o f  the 
more wide ly us e d  agglome rat ive methods . 
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Al l aggl ome rat ive p rocedure s have the d i s t inct 
bene fit  o f  b e in g  po lythe t i c  (Wi l l i ams and Lambert , 19 6 6 ) . 
Divi s ive methods , on the o the r hand , are for the mos t  p art 
monoth e t i c . McNaughton - Smith , et al . ( 19 6 4 ) and Edwards 
and C aval l i - S fo r z a  ( 19 6 5 )  have deve l oped p o lythe t i c  
divis ive me thods . The app roache s they have t aken , how ­
eve r , can only h andle sma l l  data mat ri c e s ; and s o , for the 
p r e s ent  at l e as t , they are uns at i s fact o ry for ve get at i on 
analys is ( Sne ath and Sokal , 1 9 7 3 ) . De l Mo ral ( 1 9 7 5 )  
app l i e d  anothe r d ivis ive p o lythe t i c  p r o gram , I SODATA ( B al l 
and Hal l , 1 9 6 5 ) , t o  fore s t  ve get a t ion w i th good s uc ce s s . 
Although he  v i o l at e d  s ome o f  the procedural con s t r i c t i on s  
p l aced by  B al l  and Hal l ( de l  Moral , 1 9 7 5 ) , he w a s  ab l e  t o  
ob t a in s at i s fact o ry re s u l t s  by firmin g up h i s  clus t e rs 
w i th d i s cr imin ant analys i s . 
Re cent l y , a new p o lythet i c  divi s ive appro ach t o  
c lus ter  an aly s i s  has b e en eme rging  wh i ch shows gre at 
p romi s e . Work in g  unde r the as s umpt i on that an ove ra l l  view 
p r i o r  t o  c l u s t e r in g  i s  h i ghly de s i rab l e  ( Goodal l , 1 9 7 3) , 
th i s  new appro ach tak e s  advantage o f  the data s o r t ing  
capab i l i t i e s  o f  ordin at i on a s  the b as i s fo r c l us te r ing  
de c i s i on s . In  the  te chn ique deve l oped  by  H i l l , Bunce , 
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and Shaw ( 19 7 5 ) , for examp l e , an ordin a t i on i s  f i r s t  
p e r forme d on t h e  ent i re data s e t . The ordinated  s e t  i s  
then s p l i t  i n  h a l f down the center o f  the c l us te r .  
Indicator s p e c i e s  wh i ch d i s c r iminate b e tween the two 
group s  are cho s en .  Indicator  s co re s  are c a l cu l at e d  fo r 
all  s t ands ( p l ot s ) , and s t ands are as s i gned to  one or  the 
other of the group s . Thi s  cons t i tute s  the f i r s t  d ivi s i on .  
Succe s s ive d i v i s i ons are accomp l i she d  in the s ame manne r .  
Noy- Me i r  ( 19 7 3 )  and L amb e rt , et  al . ( 1 9 7 3 ) have deve loped  
s imi l ar techn i que s that comb ine ordin a t i on and c l as s i fi c a ­
t i on i n  a s in g l e  proces s .  
Polyth e t i c  divi s ive approache s ho l d  a gre at  de al  o f  
promi s e . Inde e d  they may ult imat e ly prove t o  b e  far 
s up e r i o r  to a g g l omerat ive t e chni que s (Wi l l i ams , 19 7 1 ; 
H i l l , et  a l . , 1 9 7 5 ) . New devel opments  us ing o rdinat i on 
show that p o ly th e t ic  divi s ive c l us t e r ing  can b e  h i gh ly 
e ffic i ent and c an handle  l arge data mat r i c e s  that were 
o r i g inally b e y ond the r ange o f  the ir us e .  Although 
potent ially  u s e ful p o ly the t i c  divis ive techn ique s are t o o  
new t o  be  tho rough ly t e s ted , de l Moral ' s  ( 1 9 7 5 )  conclus i on 
that they w i l l  " s urvive the fore s e e ab l e  future "  s e ems 
we l l  j us t i fi e d .  
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Clus t e r ing  Programs 
Golds te in and G r i gal  ( 1 9 7 2 )  wrote thre e clus te rin g  
p ro grams de s i gned  s pe c i f i c a l l y  for phytos oc i o l ogical  dat a .  
Al l thre e programs are exclus ive , h i e rarch i cal , p o ly ­
thet i c , and aggl ome rat ive . 
MINFO . MINFO i s  an in fo rmat i on an aly s i s  procedure 
emp l oying a mutual  in forma t i on me thod deve l op e d  by O r l o c i  
( 1 9 6 9 ) . In fo rmat i on , as  und e r s t ood i n  the t e chn i c a l  s ens e , 
i s  a me asure o f  d i s or de r . Hence , a c lus ter group h avin g 
h i gh in forma t i on c ontent has  h i gh var i ance , wh i le a group 
having l ow in format i on c ontent exh ib i t s  l ow var i ab i l i ty .  
Groups that s hare more in fo rmat i on in common ( i . e . , mutual 
in format ion) are more s im i l ar than group s  w i th l i tt l e  c ommon 
in forma t i on ( O r l o c i , 1 9 6 8 ) . During the clus t e r in g  proce s s  
the in format i on c ontent o f  a l l  group .pairs  i s  compared ; the 
pair  s howing the s mal l e s t  gain in in format i on is then 
comb ine d .  
The re are three  b a s i c  funct ion s  in an in format i on 
model  which are us e ful fo r de fin ing c lus ters : total  
in format ion , j o int  in format i on , and mutual in format ion 
( Orloc i ,  1 9 6 9 ) . C on s i de r  two group s , A and B ,  having at 
l e a s t  s ome c ommon attr ibut e s  ( sp e c i e s ) . Each group has a 
certain amount o f  in fo rmat i on , I (A) o r  I (B) , as s oc i at e d  
w i th it . The t ot al in forma t i on I i s  de fined a s  
I =  I (A) + I ( B ) . 
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The j o int in format ion I (A ,  B )  i s  de fined  as 
I (A ,  B) = I (A) U I ( B) . 
The mutual in format i on I (A ;  B) i s  de fine d as 
I (A ;  B)  = I (A) n I ( B ) . 
Vis ual i z e  fo r the moment the informat i on content 
of A and B as  two ove r l apping c i rcl e s  with the in forma ­
t i on in are a a b e in g  l im i t e d  s t r i c t ly t o  group A ,  that in 
are a b be ing l imited  s t ri c t ly to  group B ,  and the in forma -
t ion in are a  c b e ing  common t o  b o th groups . 
A B 
Then 
Tot al in fo rmat i on = ( a  + c) + (b + c) 
Jo int in format i on = a + c + b 
and 
Mutual in format i on = c .  
The al gebra ic  e xpre s s i on o f  mutual in format ion can 
b e  given as 
o r  
I (A ; B )  = l: L:X  · · ( ln N X · · ) l J l J 
x i xj 
I (A ;  B )  = L: L:Xi j  ( ln X i j ) + N ( ln N) - l: Xi ( ln X i) 
- l: Xj ( ln Xj ) 
whe re 
xi j  = ·var i ab l e  value for the j th s pe c i e s  in the 
1. th ( 1 1 ) group c us ter  o r  p ot 
and 
X ·  = E X · · 1 . 1 J  
1 
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Con s i de r , for examp l e , two p l o t s , A and B ,  having 
thre e s pe c i e s  in the ove r s t o ry s tratum : wh i t e  oak (WO) , 
b l ack o ak ( BO) , and p i gnut h i ckory ( PH) . The fi rst  two 
spe c i e s  are found in p l ot  A ,  whi le al l three  spec ies  are 
found in p l ot B .  The p l o t s  and spe c i e s  can be presented  
in a data  mat r ix ( Tab l e  3 )  in wh i ch the vari ab l e s  X ij  
rep re s ent den s ity  dat a for e ach s p e c i e s  in e ach p l o t . 
i s : 
The mutual in format i on con t a in e d  in the fus ed p l ot s  
I (A ;  B )  = 1 0  l n  1 0  + 8 l n  8 + 0 l n  0 + 5 l n  5 + 1 5  
ln 1 5  + 3 l n  3 + 4 1  l n  4 1  - 1 8  l n  1 8  - 2 3  
ln 2 3  1 5  ln 1 5  - 2 3  ln 2 3  - 3 ln 3 = 
3 . 7 0 5 6 . 
Note  that 0 ln  0 i s  s e t  e qual t o  0 ( Dale , 1 9 7 1 ) . 
MDI S P . MDI SP emp loys a w i t h in - group d i spers i on 
te chn i que deve l oped by Orl o c i  ( 1 9 6 7 ) . The b a s i c  p rinc ip le 
of the t e chn ique is  t o  min imi z e  the vari an ce w i th in group s  
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T ab l e  3 .  Den s ity  ( s tems /p l o t )  o f  whi t e  o ak (WO) , b l ack 
o ak ( BO) , and p i gnut h i ckory ( PH) in two p l ot s , 
p r e s ented in the form o f  a c ont ingency t ab l e . 
Spe c i e s  
wo BO PH X i 
Ul A 10 8 0 1 8  -!-) 
0 
r-i 
p.. B 5 15  3 2 3  
X · 1 5  2 3  3 4 1  = N J 
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and max imi z e  the var i ance b e tween group s  ( Goodal l , 1 9 7 3 ) . 
Th i s  i s  acc omp l i sh e d  b y  mak ing a l l  p o s s ib l e c omb in at ion s  
o f  two g roup s  and cho o s in g  tho s e  comb inat i on s  who s e  
within - group s um o f  s quares i s  l e s s  th an the s um o f  s quar e s  
o f  e ither memb e r  o f  e ach comb inat i on w i th any o t h e r  group . 
The w i th in - g roup d i sp e rs ion o f  a group o f  p l ot s  i s  the 
s um of s quare d d i s tan c e s  b e twe en e ach p l ot and the group ' s  
cent ro i d  o r  c en t e r  o f  mas s  ( P i e l ou ,  1 9 6 9 ) . S t andard 
d i s tance 1 s  us e d  as the me as ure of s imi l ar i ty b e twe en 
group s . S t an d ard d i s t ance fo r two p l ot s , A and B ,  is  
de fin e d  as : 
whe re 
and 
Xi a = var i ab l e  
xib = var i ab l e 
Va = ( L Xi �)
l / 2 
i 
( � · 2 ) 1 / 2  vb = � x 1b · 1 
value 
value 
1 / 2 
for · th 1 spe c i e s  in p l ot A 
for i th s p e c i e s  in p l o t  B 
The d i s p e r s i on w i th in a group o f  M p l o t s  i s , there fore , 
2 
Q = L L Dab . 
M 
As an i l lu s t rat i on , re turn t o  the dat a mat r i x  in Tab l e  3 .  
Va = ( 1 0 2 + s 2 ) 1 / 2 = 1 2 . 8 0 6  
and 
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Dab
z 
= (rz:�o6 r6�o93r +(rz�so6 - r6:593r + 
( 1 6 �§93 ) 2 = . 3 5 0  
Q = . 3 5 0  = 0 . 1 7 5 . 
--z-
CLUSTE R .  C LUSTE R  has two p a i r s  o f  opt i on s  and i s  
thus actua l l y  four pro grams in one . The firs t opt i on p a i r  
i s  conce rn e d  w i t h  how t o  we i ght group s  when comput in g 
s imi l ar i ty fun c t i ons b e twe en clus t e rs . In the unwe i gh t e d  
p a i r - group me t h o d  ( Sne ath and Sokal , 1 9 7 3) the p o s i t i on o f  
a group re l at i ve t o  a l l  other groups ( de fin e d  b y  the 
s imi l ar i ty fun c t i on )  i s  de t e rmine d b y  ave raging the p o s i ­
t i on s o f  a l l p l o t s  tha t  make up the group . In the we i gh t e d  
op t i on ( Sne ath and Sokal , 1 9 7 3 ) , o n  the o the r h an d , the 
mo s t  re cen t ly adde d clus t e r  to a group is gi ven the s ame 
we i ght as the mas s o f  a l l  p re ce d in g  c lus ters  de fin in g the 
group . In al geb r a i c  t e rms the p o s i t i on P o f  group k i s  
P P .  + p .  k = 1 J 
2 
for the we i ght e d  p a i r  group method whe re P i and P j are the 
pos it i ons o f  the two p r e c e din g  g roup s  th at c omb in e d  to form 
k ,  and 
Pk = 
P a + Pb + • • • + pn 
N 
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fo r the unwe i gh t e d  p a i r  group me thod whe re P a . . . Pn 
are the p o s i t i on s  o f  ind i v i dual p l ot s  and N i s  the t ot a l  
numb e r  o f  p l o t s  i n  the group . A s  an examp le cons i de r  
thre e p l o t s , e ach c on t a in in g  ind ividuals  o f  a s in g l e  
s p e c i e s  X a s  s hown i n  the t ab l e b e l ow :  








The p o s i t i on o f  e ach p l o t  in spec i e s - space can b e  re ad i ly 
shown in a one - d imen s i onal mo de l : 
A B c 
0 1 2 3 4 5 6 7 8 
I f  the s e  dat a are s ubmi t t e d  t o  a h i e rarch i c al aggl ome r a t i ve 
c l us te r in g  p ro g r am , a l o g i ca l  c l us te ring s e quence i s  fo r 
p l o t s  A and B t o  c omb ine in t o  a new group AB , and then AB 
to comb ine w i th C .  I f  E uc l ide an d i s t ance i s  u s e d  as a 
s imi l a r i ty fun ct i on , then p l ot s  A and B are two un i t s  ap art 
in i t i a l ly and the i r  comb ine d  p o s i t i on in AB i s  
pk = 2 + 4 = 3 2 
by e ither the we i ght e d  o r  unwe i ght e d  me thods ; i . e . , 
AB c 
0 1 2 3 4 5 6 7 8 
As ABC fo rms from AB and C ,  howe ve r ,  the we i ghted opt ion 
c a l cul ates  the new p o s i t i on as  
p k = 3 + 8 = 5 . 5  
2 
wh i le the unwe i gh t e d  opt i on c a l cul ates  
pk = 2 + 4 + 8 = 4 . 6 7 .  3 
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Thus the c ent e r  o f  gravity o f  a group in the 
unwe i gh t e d  me thod is  l o cat e d  at the cen t ro i d  of a l l  p l ot s  
in the group , wh i l e  in the we i ghte d me thod i t  i s  l oc at e d  
o n  the l ine conn e c t in g  t h e  cent e r  o f  gravi t i e s  o f  the two 
prece ding c l us t e r s . 
The s e cond p a i r  o f  op t i on s  for CLUSTE R i s  a cho i c e  
o f  s imi l ar i ty c o e f fi c ients . CLUSTE R c an emp l oy e i th e r  
s t andard d i s t ance ( as de f ined e arl i e r) or t h e  Pe ar s on 
product -moment c o rre l at i on coe ffic i ent 
whe re Y1 and Yz are the s c or e s  for spe c i e s  in group s  Y1 
and Yz , V1 and Vz are the me ans , and s ummat i on i s  over 
a l l  s p e c i e s  in the dat a mat r ix . Thus fo r the examp l e  
p rovide d  in Tab l e  3 ,  p a ge 4 4 , p l o t  A h a s  a me an s p e c i e s  
s core o f  6 . 0 0 0 , p l ot B h a s  a me an s co re o f  7 . 6 6 7 , an d r = 
0 . 4 7 0 . 
Prob l ems in the App l i c at i on o f  Nume r i cal  C l u$ t e r ing 
Dat a re duct ion . When us ing c l us t e r ing p r o gr ams , i t  
i s  gene ral ly c h e ap e r  an d ,  i n  the c as e  o f  ve ry l arge data 
matr i c e s , mandat o ry t o  r e duce the numb e r  of  var i ab l e s . 
Typ i ca l ly the r are s t  s p e c i e s  are e l imin at e d  un der the 
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a s s umpt i on that they d o  n o t  con t r ibut e s i gn i fi c an t ly t o  
gr oup format ion . Thi s  i s  a s at i s fact o ry pro ce dure when 
the pre s en c e  of rare individual s rep r e s en t s  l i t t l e  mo re 
than ac c i dental oc currence . I f  the rare s pe c i e s  are 
h i gh l y  d i a gnos t i c of p art i cu l ar c ommun i ty type s ,  howeve r , 
the arb i t rary e l iminat i on o f  them from the c l us t e r ing 
p r o ce s s  wi l l  c aus e s ome l o s s  of in forma t i on in t e rms o f  
r e c o gn i t ion and int e rp re t at i on o f  typ e s . 
Occas i on al ly when the s ame common spe c i e s  are found 
in mo s t  o f  the p l ots , ade quat e me an in g fu l  s ub d i vi s i on int o  
c l us t e rs i s  d i ffi cul t ( C l i f ford and S tephen s on , 1 9 7 5 ) . 
The B raun - B l an que t sys t em e l imin at e s  th i s  p r ob l em by on ly 
c on s ide ring tho s e  spe c i e s  wh i ch are p re s ent in , s ay ,  1 0  t o  
6 0  p e r cent o f  the p l o t s . Sp e c i e s  o f  h i ghe r or l owe r 
con s t ancy are i gnore d  unt i l  a ft e r  the c l us t e r s  are 
e s t ab l i she d .  
Data t r ans forma t i on . Dat a t r an s format i on i s  
gene ral ly required i f  dat a are h i gh ly var i ab l e  o r  i f  data 
un i t s  are d i s s imi l ar .  At t r ibutes exh ib i t in g  the gre at e s t  
var i ab i l i ty t end t o  domin ate the r e s ul t s , whi le i f  the 
un i t s  are di fferent the inve s t i gat o r  i s  fac e d  w i th the 
in c omp at ib i l i ty o f  comp ar in g  app l e s  and oran ge s  (Walke r , 
1 9 7 4 ) . I f  a l l  un i t s  are the s ame , h oweve r , and the ran g e  
o f  at t r ibute s cores i s  n o t  t o o  gre a t , r aw dat a a r e  qu i t e  
s u i t ab l e  an d i n  s ome cas e s  a r e  e c o l o g i c al ly more me an in g ­
ful (Walke r , 1 9 7 4 ) . 
s o  
S t andard i z at i on o f  at t r ibute s b y  sub t r act ing the 
me an a t t r ibute s co re from the at t r ibute value and d i vi d in g  
b y  t h e  s t andard dev i at i on i s  pe rh ap s  t h e  mo s t  w i de ly us e d  
o f  a l l  t ran s format ions . In the ory at l e as t  i t  i s  an i de al 
t rans fo rmin g funct i on s ince i t  not on l y  e l imin a t e s  the 
p rob l em o f  s c al e  but a l s o  e ffe ct ive ly mak e s  the dat a 
d imens i on l e s s  ( i . e . , e l imin at e s  the d i s t in c t i ons " app l e s "  
and " o ran ge s " ) . S t andard i z at i on d o e s , h owe ve r , g ive ext ra 
we i gh t  to the l ow var i ab i l i ty of the r are s t  a t t ributes 
( C l i f fo rd and S tephen s on , 1 9 7 5 ) . I t  a l s o  a l l ows p l o t s  
r i ch i n  rare s pe c i e s  to domin ate the c l as s i f i cat i on (Noy ­
Me i r , Walke r , and W i l l i ams , 1 9 7 5 ) . An al t e rn a t ive funct i on 
that b e h ave s in many re s pe c t s  l ike s t andard i z at i on ( Sne ath 
and Sokal , 1 9 7 3 )  but is not a f fe ct e d  b y  a t t r i b ut e  
var i ab i l i ty i s  the l o g ar i thm tran s format i on . L o g  t ran s ­
fo rms have an advan t age ove r s tandar d i z at ion in the ir e as e  
o f  c ompu t at i on b ut s u ffe r from the fact th at the l o g  o f  z e ro 
is unde fine d and the l o gs of value s l e s s  th an one are ne ga­
t i ve . Both of  the s e  prob l ems are e a s i ly c o r re c t e d , how ­
e ve r , by addin g one t o  the var i ab l e  s c ore b e fore t ran s ­
fo rmat ion . 
Un it s o f  ve ge t a t i on c l as s i fi cat ion . I f  nume r i c al 
me thods are t o  b e  us e d  in ve g e t at i on an alys i s , the 
que s t i on n atural ly ari s e s  as to wh at un i t s  or p ar ame t e rs 
are t o  b e  s ub j e ct e d  t o  the c l us t e r in g  a l go r i thm . Mo s t  
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nume r i ca l  c l as s i fi c at i ons are b as e d  on f l or i s t i c d at a ,  
al though c l as s i f i c at ions o f  envi ronment a l  var i ab l e s  are 
al s o  o ft en c ommon . But what ab out the un i t s  o f  c l as s ­
i fi c at i on emp l oy e d  in o the r app ro ache s - - are they l i kewi s e  
sub j e ct t o  n ume r i c al c l as s i fi c a t i on ?  The answe r i s  
a f fi rmat ive . C on s ider the var ious app r o ache s for a 
moment . The re are p e rh aps three b ro ad c l as s e s  o f  t radi ­
t i onal ve ge t at i on a l  c l as s i f i cat ion appro ache s that rough ly 
co rre spond t o  type s o f  un i t s  s uit ab l e  for c l us t e r in g . 
The s e  group s c an b e  c a l l e d  fl o r i s t i c , s truc tur a l - fun c t ional , 
and hol i s t i c .  ( E x c e l l ent reviews o f  the s e  group s c an b e  
foun d  in Wh i t t aker , 1 9 6 2  and 1 9 7 3 a , and Sh imwe l l , 1 9 7 2 ; 
other re views are n o t e d  by the add i t ion al c i t at i ons given 
b e l ow . )  F l or i s t ic app roach e s  inc lude c l as s i ficat i on s  b as e d  
on domin ant s p e c i e s  ( Wh i t take r , 1 9 7 3 b ) , s ynus i a  ( B arkman , 
1 9 7 3 )  and the t ot al fl ora . By far the b e s t  known and mo s t  
w i de ly app l ie d  e x amp le o f  the t o t a l  f l o r a  appro ach i s  the 
sys t em o f  B r aun - B l anque t (We s th o f f  and Maare l , 1 9 7 3) . 
S t ructural - fun c t i onal app ro aches inc l ude s y s t ems b as ed 
s o le ly on phy s i o gn omy ( B e ard , 1 9 7 3)  or comb ined p l ant 
s t ructural and fun c t i on al fe ature s ( Kn i gh t , 1 9 6 4 ) . 
Hol i s t ic app ro ach e s  ( Kraj in a ,  1 9 6 0 a , 1 9 6 0 b )  in c l ude 
c l as s i fi c at i on s  b as ed on l ands c ape un i t s , envi ronmental 
parame t e r s , an d comb in e d  fl o r i s t i c and environmen t al 
p ar ame t e rs . I t  should b e  r e ad i ly app arent that the un i t s  
emp l oy e d  in any o f  the s e  app roache s  i s  r e ad i ly adap t ab l e  
t o  nume r i c al an aly s i s . 
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The abu s e  o f  nume r i c a l  an aly s i s . Mathemat i c i an s  
( e . g . , S e al , 1 9 7 4 )  o ft en r a i l  again s t  the m i s us e o f  mul t i ­
var i ate s t at i s t i c a l  t e chn i que s b e c aus e o f  the v i o l a t ion o f  
unde rlying as s ump t i ons . R i g i d  cr i t e r i a  are o ften s e t  up 
as a res.ul t ,  an d fre quen tly the on ly te chn ique s that c an 
s at i s fy the c r i t e r i a  are o f  l i t t l e  va lue ( C l i ffo rd and 
St ephen s on , 1 9 7 5 ) . The mathemat i c i ans ' and s t at i s t i c i ans ' 
c l aims are val i d , o f  cours e , t o  a p o int . As s ump t i ons mus t  
be adhe r e d  t o  o r  at l e a s t  app rox imat e d  in orde r to make 
s t r i ct s t at i s t ic al in fe rence s . In mo s t  cas e s , howeve r ,  
the t e chn i que s are on ly u s e d  in e c o l o gy for de s cript ive 
purp os e s  or fo r the gene rat ion o f  hypothe s e s ; e c o l o gi c a l  
app l i c at i on s  h ave n o t  y e t  re ached t h e  l e ve l  o f  s ophi s t i c a ­
t i on t o  b e  p rope rly s crut in i z e d b y  parame t r i c  s t at i s t i c s  
( Crove l lo ,  1 9 7 0 ) . At th i s  s t age o f  deve l opment t h e  on ly 
c r i t e r i on t h at c o un t s  is the e c o l o gi ca l  int e rp re t ab i l i ty 
o f  the re s ul t s . 
CHAPTE R V 
TECHN I QUE S FOR EVALUAT I N G  NUME RI CAL C LAS S I F I CAT I ONS 
Three Bas i c  App ro ache s 
The re are thre e  b as i c app ro ache s in vo gue today 
for evaluat ing c l as s i f i c at i on s . The fi r s t  i s  to e s t ab l i s h  
a s e t  o f  cri t e r i a  ( gene r a l l y  mathemat i c al )  and then s e e  
how we l l  a p ar t i cul ar p r o c e dur e s at i s fi e s  thos e  c r i t e r i a .  
Jardine an d S i b s on ( 1 9 6 8 ) and Rand ( 1 9 7 1 ) o ffe r two good 
examp l e s . Th i s  i s  a s o und app roach in the o ry . I n  p rac ­
t ic e , h oweve r ,  i t  i s  o ften otherw i s e . The b i o l o g i c al 
wo rld i s  n o t  o ften eas i ly t ra c t ab l e from a mathe mat ical 
p o int of view . C l i f fo rd and S t e phen s on ( 1 9 7 5 ) , for examp l e , 
p o int out th at what app e ars t o  b e  the mo s t  s at i s fac t o ry 
app ro ach according to the c r i t e r i a o f  Jardine and S ib s on 
( 1 9 7 1 ) i s  actual ly one o f  the l e as t u s e ful t o  b i o l o g i s t s . 
Jardine and S ib s on at l e as t  p ar t i a l ly de fend thems e l ve s , 
howeve r , b y  s tat in g  that c r i t e r i a  shoul d always b e  temp e r e d  
by the p ar t i cu l ar purpos e s  f o r  wh i ch a g iven c l as s i f i c at i on 
i s  t o  b e  us e d .  
The s e cond app roach i s  t o  te s t  s e ve ra l  sys tems on a 
g iven data s e t  and then gauge the p e r fo rman ce o f  e a ch . 
Examp l e s  o f  th i s  app ro ach are Gr i ga l  and Go lds t e in ( 1 9 7 1 ) 
an d Frenke l and Harr i s on ( 1 9 7 4 ) . O ften s uch e val uat ions 
are made by comp ar in g  a part i cul ar c l as s i fi c a t i on to a 
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sub j ect ive ly de r ive d c l as s i f i c at i on that has pr oven i t ­
s e l f  ove r t ime ( Go odal l ,  1 9 7 3 ) . Th i s  i s  s at i s fact ory fo r 
are as that h ave b e en inten s i ve ly s tud i e d .  I n  re g i ons 
whe re ve get at i on p at t e rn s  are not we l l  unde rs tood , how ­
eve r , s ome t h in g e l s e  i s  n e e de d .  A b e t t e r  me thod i s  to 
us e a mo re ob j e c t i ve p e r fo rman c e  s c a l e . Frenk e l  and 
Harr i s on ( 1 9 7 4 ) , fo r e xamp l e , s ub j e ct the ir c l as s i ficat i ons 
to gradi ent analys i s  t o  see wh i ch sys tems are more e as i ly 
int e rpre t ab l e  in t e rms o f  environmen t a l  re s p on s e . Un for ­
tun at e l y , h owe ve r , th i s  app r o ach i s  n o t  as ob j e c t ive as 
one wou l d  pe rhap s l ike ; conclus i on s  re ach e d  by us in g i t  
mus t always b e  s ub j e c t  t o  i n t e rp re t at i on .  
A var i ant o f  th i s  s e c ond app ro ach i s  t o  app ly 
s e ve r al clus t e r i n g  techn ique s to a d at a  s e t  o f  kn own 
s t ructure . Wi shart ( 1 9 7 1 ; c f .  C o rmack , 1 9 7 1 ) , fo r e xamp l e , 
u s e d  th i s  app r o ach t o  d i s c o ve r  that the Pe ar s on product ­
moment corre l at i on coe ffi c i ent was t o t a l ly un s at i s factory 
for re c o gn i z in g  four c l e arly de fin e d  b ivar i at e  p opul a t i ons . 
The th i rd app r o ach t o  e va l uat in g c l as s i fi cat ion i s  
t o  d i v i de the o r i g in a l  dat a s e t  into s ub s e t s  for re c l a s s ­
i fi c at ion . I f  the c l as s i f i cat i on i s  re l at ive l y  s t ab l e , 
s ub s e t s  in the ory shoul d p roduce s imi l ar clus t e rs . L an g e , 
e t  al . ( 19 6 5 )  app l i e d  th i s  appro ach t o  Wi l l i ams and 
L amb e rt ' s  ( 1 9 5 9 , 1 9 6 0 )  as s o c i at i on an alys i s  t e chn i que and 
c on c l ude d that the h i gh order c l us t e rs were accep t ab l e 
wh i l e  l ow o rde r c l us t e rs w e re value l e s s . 
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Indi c at o r  Sp e ci e s  App ro ach 
C on s t an cy , fide l i ty ,  and indi c at o r  spe c i e s . Con ­
s t an cy an d fide l i ty are the intui t ive b as e s  for de fining 
t axa in sys temat i c s  ( C l i fford and S tephens on , 1 9 7 5 ) . For 
examp l e , i f  s eve ral s i gn i fi c an t  at t r ib ut e s  a re c ommon to 
a l l  memb e r s  of a g iven group ( i . e . , exh ib i t  h i gh con s t ancy) 
and are not foun d  among memb e rs o f  o th e r  group s ( i . e . , 
have h i gh f i de l i ty for the group in que s t ion) , then the 
group i s  general ly cons i de re d  a s ep arate  t axon . C an 
c on s t an cy an d fidel ity b e  us e d  then t o  de fine o r  at l e as t 
to e valuate noda o r  synt axa in ve ge t at i on e c o l o gy ?  
The re h ave b e en a numbe r  o f  at t emp t s  t o  quant i fy 
or s emi quant i fy de fin i t i on s  o f  con s t ancy and fi de l ity . 
In phyt o s o c i o l o g i c a l  t e rms , f i de l i ty i s  a me as ure o f  the 
de gree o f  con f inemen t o f  a s p e c i e s  to a g i ven commun ity 
type ; con s t an cy i s  a me a s ure o f  the de gre e  t o  wh ich the 
s amp l e  s t ands w i t h in the commun i ty t yp e  p os s e s s  the given 
s pe c i e s . C on s t ancy is  typ i c al ly de f in e d  as the numb er o f  
s t ands c ont aining a given s p e c ie s  d i vi de d  b y  the t ot al 
numb e r  o f  s amp l e d  s t ands ( Ph i l l ip s , 1 9 5 9 ) . Us ual ly 
con s t an cy is conve rted to a p e rcen t age by mul t ip ly ing by 
1 0 0 , and occas i on a l ly the p e rc en t age val ue s  are d i v i de d  
int o f ive e qual - s i z e d  c l as s e s . 
F i de l ity , on the o th e r  hand , i s  typ i c a l l y  de fin e d  
i n  t e rms o f  five s ub j e c t ive c l as s e s  ( Sh imwe l l , 1 9 7 1 ) : 
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1 .  Spe c i e s  acc i dent a l ly appe a r in g  in a p a r t i cular 
ve ge t at ion typ e , 
2 .  Sp e c i e s  s howin g no de f in i te p re fe rence fo r 
any g iven type , 
3 .  Spe c i e s  found in s eve ral c ommun i t i e s  b ut 
showing a de fin i t e  opt imum in one s p e c i f i c  type , 
4 .  Spe c i e s  with a s t rong a ffin ity fo r one type 
but o c c as i on a l ly found in othe r s , 
5 .  Spe c i e s  e xc lus ive ly con fine d t o  a s in g l e  
ve ge t at ion typ e . 
In the B raun - B l an que t s ys t em spe c i e s  in fide l i ty 
c l as s e s  3 ,  4 ,  and 5 are cal l e d  " ch aract e r  s pe c i e s "  
( Mue l l e r - Domb o i s  and E l l enb e rg ,  1 9 7 4 )  o r  " charact e r i s t i c  
s pe c i e s "  ( Ph i l l ip s , 1 9 5 9 )  a l though the fo rme r t e rm i s  
pre fe rred (We s to ff and van der Maare l , 1 9 7 3) . 
Some t ime s con s t an cy h as b e en us e d  t o  p l ac e  a quant i ­
t a t i ve re s t r i c t i on on the de fin i t i on o f  fide l i ty c l a s s e s  
( Br aun - B l an que t , 1 9 2 8 ; c f .  Goodal l ,  1 9 5 3b ) . For examp l e , 
in orde r  t o  b e  p l a c e d  in a s pe c i fi c  f i de l i ty c l a s s  a given 
s p e c ie s mus t  e xh ib i t  a given minimum c on s t an cy l eve l for 
the commun i ty type in wh i ch it is mos t fa i th fu l  and a 
max imum c on s t an cy l e ve l  for al l othe r typ e s . The s e  
de fin i t ion s  c an b e come qu i t e  convo lut e d ,  howeve r , as a 
s p e c i e s  c an s t i l l  qual i fy fo r the f i de l i ty c l as s  i f  i t  
fa i l s  t o  me e t  one s e t  o f  con s t an cy re qu i rement s  provided 
it  c an me e t  an a l t e rnate o r  ye t a t h i r d  s e t  o f  r e qui remen t s . 
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Gooda l l  ( 1 9 5 3b )  has deve l oped anothe r app ro ach t o  
fide l i ty b a s e d  on con s t ancy . As an examp l e  con s i de r  the 
2 x 2 cont in gency t ab l e s hown b e l ow .  
Commun i ty 
A B Total 
Spe c i e s  X Pre s ent a b a+b 
Spe c i e s  X Ab sent c d c + d  
T o t al a+c b + d  a+b + c + d  
T h e  smal l l et t e rs rep r e s ent the numb e r  o f  p l ot s  in 
e ach c ommun i t y  in wh i ch the given s pe c i e s  X i s  pre s ent or 
ab s ent . C ommun ity A i s  the commun ity in wh ich the spe c i e s  
is  mo s t  fa i t h fu l , and B i s  the c ommun i t y  in wh i ch i t  i s  
n e x t  mo s t  fa i th ful . Fide l i ty can then b e  de fin e d  as 
p = ( a - 1 / 2 )  ( b + d )  
(b + l/2)  ( a+c) - 1 . 
The Yat e s  c o rrect i on o f  addin g or s ub t r act in g 1 / 2 from the 
p re s en c e  valu e s  in e ach commun ity a l l ows the value s t o  b e  
int e rpre t e d  a s  c ont inuous var iab l e s  ( Gooda l l , 1 9 5 3b ) . 
Inclus i on o f  the corre c t ion fact or p re vent s a s p e c i e s  from 
havin g in fin i t e  fide l i ty when on ly a s in gl e  ind i vi dual i s  
encoun t e re d . 
Goodal l ( 1 9 5 3b )  al s o  u s e d  the fi de l i t y  e quat ion t o  
de fine t h e  ind i c at or value o f  a spe c i e s . I n s t e ad o f  
comp aring the two commun i t i e s  in wh i ch the s p e c i e s  i s  mo s t  
fa ith fu l , h ow e ve r , the e quat i on compares  the p re s ence and 
ab s ence o f  s p e c i e s  X in the commun i ty o f  h i gh e s t  f i de l i ty 
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with i t s  p re s en c e  and ab s ence in al l other commun i t i e s  
comb in e d . Sma l l  l e t t e r  a then b e c omes the p re s en c e  o f  X 
in the c ommun i t y  in que s t i on o r  i t s  p re s ence in al l oth e r  
commun i t i e s  c omb in e d ,  wh i ch e ve r  h as the h i gh e r  fre quency 
( in the l at t e r  c a s e  the ind i c at o r  value is  g iven a n e g a -
t ive s i gn) . I f  the Yat e s  c o r re ct ions and the minu s - one 
t e rm are i gn o r e d  for the moment , the a l g o r i thm c an be 
int e rpret e d  as  the rat i o  of the fre quency of s p e c i e s  X in 
a given commun i ty to i t s  fre quency in al l othe r c ommun i t i e s  
c omb in e d  ( o r  minus the r e c ip rocal rat i o  i f  i t s  fre quency in 
a l l  other c ommun i t i e s  i s  h i gh e r) . 
Ind i c at o r  s p e c i e s  were al s o  u s e d  by H i l l , Bunce , 
and Shaw ( 1 9 7 5 )  t o  de fine c l u s t e r s  d e r ived from a re -
c iprocal ave r a g in g  o r d in at i on (Hi l l , 1 9 7 3 ) . The s c at t e r  
o f  s t ands o n  t h e  f i r s t  ax i s  i s  divided i n  h a l f a t  the 
cent e r  of g r av i ty of t he o r d in at i on . I f  m1 i s  the numb e r  o f  
s t ands in wh i c h  s p e c i e s  X i s  found in the firs t h al f ,  M1 i s  
the t o t al numb e r  o f  s t ands i n  the f i r s t  h al f ,  and m 2 and M 2 
are c o r r e s p on d i n g  v a l ue s  fo r the s e c ond h al f o f  the 
d i chotomy , then the ind i c at or value for X is de fine d as 
A p o s i t i ve s c ore ind i c at e s  that X i s  ind i c at ive o f  
the f i r s t  h a l f wh i l e  a ne gat ive s co re ind i c at e s  i t  is  
indi cat i ve of the s e cond . An arb i t r ary numb e r  o f  the b e s t  
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ind i c a t o r  spe c i e s  are ch o s en - - H i l l , Bun c e , and Shaw cho s e  
five - - and are as s i gned value s o f  1 o r  - 1  depen d i n g  on 
the i r  o r i g in a l  s i gn .  C ompos i t e  ind i c at o r  s c o re s  are 
t al l ie d  fo r e ach s t and b as e d  on the p re s ence of the five 
ind i c a t o r  spe c i e s ; and the s t ands are p l ac e d  1n one o f  
two group s , depend i n g  on the i r  ind i c a t o r  s c o r e s . E ach o f  
the two group s  i s  then s imi l arly s ub di v i de d ,  and the 
proce s s con t inue s unt i l  the d e s i r e d  numb e r  o f  c l us t e r s  
i s  ach i e ve d . I n  e s s en c e  th i s  i s  a d i v i s ive , p o lythe t i c  
c l us t e ring p r o c e dure . 
I n d i c a t o r  inde x and me an ind i c a t o r  s c ore . The 
ind i c at o r  value o f  a s pe c i e s  as us e d  in the p re ce ding s e c ­
t i on re fe r s  t o  the de gre e t o  wh ich the p re s ence o f  a g i ven 
spe c i e s  in a p l ot sugge s t s that that p l ot is a memb e r  o f  a 
p art i cul ar commun ity o r  ve ge t at i on type . The ind i c at o r  
val ue o f  a s pe c i e s  can b e  de fined accor ding t o  s p e c i e s  
con s t ancy an d fide l i ty . I f  two spe c i e s  h ave i den t i c al 
fide l i t ie s  fo r a s pe c i fi c  c ommun ity typ e  but one h as 
gre at e r  con s t an cy in the typ e  th an the othe r , the fo rme r 
w i l l  have great e r  ind i c at o r  value . S imi l ar l y , i f  the 
con s t an c i e s  are the s ame but the f i de l i t i e s  are di ffe r en t , 
the one with gre a t e r  f i de l i t y  w i l l have gre a t e r  ind ic at o r  
value . I n  pr act i c e , howe ve r ,  con s t ancy and fi de l i ty are 
o ften con founded in c omput in g  in d i c at o r  value ( e . g . , s e e  
Goodal l ,  1 9 5 3b ;  and H i l l , Bunce , and Shaw , 1 9 7 5 ) . 
C on s t ancy w i t hin a g iven type c an be me asur e d  by 
the fo rmul a 
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where Pk i s  the numb e r  o f  p l ot s  c ont aining s p e c i e s  X in 
type K and Nk i s  the t o t al numb e r  o f  p l ots in K .  Fide l i ty 
can b e  me a s ur e d  by an othe r r at i o , 
whe re Pt i s  the t o t al numb e r  o f  p l o t s  in al l typ e s  con ­
t aining X .  The ind i c a t o r  in dex o f  X c an now b e  c a l cul ated 
as 
The ind i cator index c an be de t e rmined fo r a l l  
spe c i e s  wi th in e ach type . For any g i ven spe c i e s  the type 
wh i ch e xh ib i t s  the h i gh e s t  indi c a t o r  s c ore is the ind i c a t e d  
typ e  fo r t h a t  s p e c ie s . A s  an examp l e , c ons i d e r  two type s ,  
K and M ,  h aving Nk = 1 0  p l o t s  and Nm = 2 0  p l o t s  in each 
type . I f  s p e c ie s X i s  found in five p l o t s  in K ,  s ix p l o t s  
i n  M ,  and i s  ab s ent in any o the r type , then 
= 5 = . 4 5 5  IT 
fo r typ e  K and 
pm 6 
Pt IT 
= • 5 4 5  
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fo r typ e  M .  Typ e K has a h i gher c ons t ancy , howe ve r , w i th 
pk 5 
Nk 
= IO = . 5 
as opp o s e d  t o  
pm 6 
• 3 = = Nm 2 0  
Hence K i s  the ind i c at e d  type s ince 
I = J (ri) = . 2 2 7  
fo r type K wh i l e  
I = z% (10 = . 1 6 4  
fo r typ e  M .  
The ind i cator index has one ve ry s t rong advantage 
ove r  Goodal l ' s  ( 1 9 5 3b )  inde x . The ran ge o f  the ind i c at or 
index i s  
0 � I � 1 .  
Thus , ind i c at or s cores  are add i t ive . G o oda l l ' s  index , on 
the other h an d , ran ge s  from - oo t o + oo and i s , hence , n o t  
add i t i ve . I f  the max imum ind i c a t o r  s c ores , max I i , f o r  n 
s p e c i e s  are s umme d an d the t o ta l  i s  d iv i de d  by n ,  then 
MI S = � max I i 
n 
whe re M I S  i s  the me an ind i cat o r  s co re . The ran ge o f  the 
MI S i s  
0 � M I S � 1 
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The MI S i s  the index that i s  us e d  for comp aring 
d i f fe rent c l as s i f i c at i ons . For e xamp l e , i f  two c l as s i fi ­
cat i on s , A and B ,  o f  ident i c a l  d at a  are compared and A 
has a MI S o f  . 2 0 wh i l e  B has a M I S o f  . 1 0 ,  the s c o re s 
ind i c a t e  that the spec i e s  are much mo re ind i c at ive o f  
the c l us t e r  typ e s  i n  A than they are o f  tho s e  i n  B .  
Thus , i f  f i de l i t y  and con s t ancy (me as ur e d  t o ge th e r  by the 
ind i cator inde x) are use ful de fin e r s  o f  c lus t e r  type s , A 
i s  a more s at i s fact ory c l as s i fi c at i on sys tem than B .  
Me an Envi ronmen t a l  Score 
I f  ve ge t a t i onal p at t e rns are re s pons ive t o  env i ron ­
men t a l  pat t e rn s, then the l a t t e r  shou l d  p rovide o b j ect ive 
p e r fo rmance s c a l e s  for evalua t i n g  v e g e t a t i on c l as s i fi c at i on 
sys t ems . P e r fo rmance s c a l e s , the re fore , we re gene rat e d  
fo r 22  envi ronmental fact ors . The s e  fac t o rs a r e  l is t e d  in 
T ab le 4 .  Twenty - n ine env i ronment al fac t ors were 
o r i g in a l l y  re co rde d for the s t udy . Two o f  the factors , 
phy s i o graph i c  s i t e  and p arent mat e r i al , we re d i s c arded 
b e caus e the var i ab l e s  coul d not be as s i gn e d  ordinal 
va l ue s . O f  the rema ining 2 7  fac t o r s , an alys i s  of var i ance 
on me an s amon g typ e s  within a g iven c l a s s i f i cat i on con ­
s i s t e n t ly s howe d that five o f  them - - fi re e v i den ce , graz ing 
evidence , a s p e c t , and acro s s - and down - s lope shap e - -we re 
not s t at i s t i ca l ly s i gn i ficant at the 5 p e rc ent l e ve l . 
The s e  f ive fac t o r s , there fore , were  n o t  inc l ud e d  in cal ­
cul a t i n g  p e r fo rmance s c al e s . A typ i cal F t e s t  examp l e  i s  
T ab l e  4 .  Envi r onment al fac t o r s  us e d  for c a l cul at in g  
me an environment al s c o res . S e e  t h e  fi r s t  
two s e c t i on s  in Chapt e r  I I I  for an exp l an a ­
t i on o f  envi ronment al fac t o rs . 
Envi ronment al Factors 
Depth t o  C hor i z on 
Ro ot ing depth 
S t one vo l ume 
P e rcent s and 
Pe rcent s i l t  
P e rcent c l ay 
S o i l  pH 
Organ i c  mat t e r  
Ava i l ab l e  pho s ph orus 
Exchange ab l e  c a l c ium 
E xch ange ab l e  magne s ium 
Exchange ab l e  pot as s ium 
Exchan ge ab l e s o d ium 
E l e vat ion 
Topo grap h i c  s i t e  
D r a in age order 
S l op e  an g l e  
D i s t ance t o  t op o f  s l op e  
D i s t ance t o  b o t t om o f  s l op e  
Re l at ive s l op e  pos it ion 
P e r c ent o f  s ky v i s ib l e t o  p l ot 
C anopy c o ve r  
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shown i n  App endix B ,  Tab l e  1 4 , for the M I NFO ove r s t ory 
c l as s i fi c at i on o f  Fent re s s  County dat a .  I n  that examp l e  
two add i t i on al fact ors , d r a inage orde r and c anopy cove r ,  
are j us t  b a r e l y  n o t  s i gn i f i c ant at the 5 p e rcent l e ve l . 
S ince the s e  two fac t o r s  gene ral ly were s i gn i f i c ant in 
other c l a s s i fi ca t i ons , they were inc luded in c al cul a t ing 
the ove ral l p e r fo rmance s c a l e . 
P e r forman c e  s ca l e s  were d e t e rmine d b y  c al cu l at in g  
the me an �i , s t andard dev i a t i on SD i , and c o e f f i c i en t  o f  
var i at i on ( i . e . , the s t an dard devi at i on divide d  b y  the 
me an) o f  e ach env i r onment al fact o r  i fo r e ach clus t e r  
type j w i t h in a ve g e t at i on c l as s i f i c a t i on s cheme . Co -
e ffic ients  o f  var i a t i on o f  a l l  fac tors in a l l  c l us t e r  
typ e s  were then s umme d  and the t ot al was divided b y  the 
numb e r  n o f  c l us te r  t yp e s  t o  give a me an env ironmental 
s c o re ( ME S ) ; i . e . , 
ME S = 1 L 
n j 
The l o g i c  b e h ind the ME S i s  that ve ge t at i on p at -
t e rn s c l o s e ly t i e d  t o  env i ronment al p a t terns w i l l  e xh ib i t  
l ow coe ffi c i en t s  o f  var i at i on .  Hence , t h e  l ower the ME S ,  
the mo re e ff i c i en t  the c l as s i fi c a t i on .  
Goodman - Krus k a l  S imi l ar i ty Index 
The me an ind i c at o r  s core (MI S)  and the me an env i r on -
men t al s core ( ME S )  are e x amp l e s  o f  the s e cond b as i c  
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appro ach t o  e valuating c l as s i fi c at ions d i s cus s e d  in the 
firs t s e c t i on o f  this ch ap t e r .  B e s ides the thre e general 
e valuat ive appro ache s , c l as s i fi c a t i ons c an al s o  b e  com-
pared s t r i c t ly on a s imi l ar i ty l e ve l  wi thout providin g  a 
b as i s for e va l uat ion as  t o  wh ich o f  s eve ral c l as s i fi c a -
t i ons i s  mo re s at i s fac t o ry . Goodman and Krus kal ( 1 9 5 4 ; 
c f .  G o l ds t e in and Gri gal , 1 9 7 2 ) ,  for e xamp l e , p re s ented an 
as s oc i at i on index that works ve ry we l l  for comparing the 
s im i l a r i t i e s  b e twe en c l as s i f i cat i ons . As s ume the re are 
two c l as s i fi c at ions , A and B ,  e ach having k c l us t e r s  or 
type s . I f  a mat r i x  i s  made up of the numb e r  o f  
ind i v idua l s  ( p l o t s )  common t o  e ach c l us t er in b o th 
c l as s i f i cat i on s , then the as s o c i a t ion index c an b e  




2 i £ N b - ( N  + N ) a • m m .  
= numb e r  o f  ind ividual s common t o  clus t e r  a in 
c l as s i fi c at i on A and c l us t e r  b in c l a s s i fi c a -
t i on B 
Nam = Max ( Nab , b = 1 ' 2 '  . . .  ' k) 
Nmb = Max ( Nab ' a = 1 ' 2 ' . . .  ' k) 
N . m  = Max o:: Nab ' b = 1 ' 2 ' . . .  ' k) a 
and 
Nrn = Max ( I:  Nab , a = 1 ,  2 , . . .  , k )  . . b 
The Goodrnan - Krus k a l  index r ange s from 0 fo r cl as s i fi c a ­
t i ons that a r e  t o t al ly d i s s im i l ar t o  1 for c l as s i fi c a -
t i ons that a r e  i dent i c al . 
C on s i de r  as an examp l e  the two c l as s i fi c at i ons 
s hown b e l ow .  
C l as s i f i c at i on A 
Group I ( P l o t  1 ,  p l o t  2 ,  p l ot 3 )  
Group I I  ( P l o t  4 ,  p l ot 5 ,  p l ot 6 ,  p l ot 7 )  
Group I I I  ( P l o t  8 ,  p l o t  9 ,  p l ot 1 0 )  
C l as s i fi c at ion B 
Group I ( Pl ot 1 ,  p l o t 2 ,  p l ot 4 )  
Gr oup I I  ( P l o t  5 ,  p l ot 6 )  
Group I I I  ( P l o t  3 ,  p l o t  7 ,  p l o t 8 ,  p l ot 9 ,  
p l o t 1 0 )  
6 6  
The s e  d at a  c an b e  p re s en t e d  in the form o f  a cont ingency 
tab l e  in wh ich the numb e r s  repres ent the numb e r  o f  common 
ind ividual s b e twe en group s . 
Cl as s i fi c at i on B 
«: I I I  I I I  I: N ab 
s::::: a 0 
•r-i 1 2 0 1 3 
� 
ro 
u I I  1 •r-i 2 1 4 
4-4 




u I: N ab 3 2 5 1 0  = I: I:N ab b 
App lying the Goodman - Krus kal fo rmul a ,  then , 
G = ( 2  + 2 + 3 )  + ( 2  + 2 + 3 ) - 4 - 5 = • 4 5 4 5  2 ( 10) - 4 - 5 
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CHAPTE R VI 
RE SULTS AND DI SCUS S I ON 
Pre l iminary Te s t s  o f  Clus t e r  Pro grams 
Each o f  the three c lus te r in g  p rograms - -MINFO , MDI SP ,  
and CLUSTE R- -were  te s ted  us in g a var i e t y  o f  art i fi c ial and 
re al d at a  s e t s . Whi l e  the re s u l t s were not always cle arcut , 
the t r end was usual ly the s ame - - MI N FO and MDI SP produce d 
gene rally  s at is fact ory resul t s  wh i l e  the var i ous CLUSTER 
opt i on s  did not . Two examp l e s  are p rovided t o  s upport th i s  
conclus ion . In the examp l e s  and in l at e r  d i s cus s i on the 
four CLUSTE R opt i ons are as s i gne d s ep arate n ame s as fo l l ows 
( re fe r  t o  Ch ap t e r  IV fo r a furth e r  e xp l anat i on of the 





we i gh t e d  p a i r - gr oup method 
us ing c o r re l at i on coe ffic i ent 
unwe i gh t e d  p a i r - group me thod 
us in g c o r re l at i on coe ffi c i ent 
we i gh t e d  p ai r - group me thod 
us ing s t andard d i s t ance 
unwe i gh t e d p a i r - group me thod 
us in g s t andard d i s tance 
Con s i der now a dat a s e t  o f  64 p l ot s , e ach p l o t  
having 1 0  s p e c i e s . The dat a  s e t  i s  ident i fi e d  a s  CONT IN 
6 4 . The firs t spe c i e s  in e ach p l o t  h as an import ance 
value o f  1 0 , the second has a value o f  9 ,  and s o  on down 
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t o  the tenth spe c i e s  wh i ch has a value o f  1 .  In  the 
ent ire  dat a s e t  there are 73 s pe c i e s  from 1 t o  7 3 . In 
p l o t  numb e r  1 ,  s pe c i e s  1 is the f i r s t  s pe c i e s , s p e c ie s 2 
i s  the s e cond , and s o  on down t o  s p e c i e s  1 0  wh i ch i s  the 
l as t . In p l o t  numb e r  2 ,  s pe c ie s  2 i s  the f i r s t  s pe c i e s  
and s pe c i e s  1 1  i s  the tenth . Th i s  s ame pat t e rn c ont inue s 
through al l p l o t s  s o  that , for examp l e , in p l o t  number  6 4 , 
spe c i e s  6 4  i s  the first  s pe c ie s , s pe c i e s  6 5  i s  the 
s e cond , and s p e c i e s  73 is the ten th . Note that th i s  is 
e s s en t i a l l y  a c ont inuous dat a  s e t . The firs t four p l o t s  
are shown i n  Tab l e  5 t o  cl ari fy the dat a s e t  p at t e rn .  
CONT IN 6 4  was s ubmitted  t o  the s ix c lus t e r ing pro ­
grams . Dendrograms giving the re sul t s  are s h own in 
Fi gure s 2 - 6 .  The s im i l ar i ty among al l c l as s i ficat ions  
could not  b e  compare d us ing the  Goodman - Kru s k al s t at i s t i c  
s ince the re was n o  leve l  with the s ame numb e r  o f  clus ters  
common t o  all  c l as s i ficat ions . The dendrograms are 
s t r a i ght forward enough , howeve r , to a l l ow re l at ive ly easy 
int e rp re t at i on . MDI SP and MINFO p roduced e s s en t i al ly 
i dent ical  re s ul t s  ( Fi gure 2 ) . Furth e rmore , the two 
clus t e r  h i e rarch i e s  are symme t r i cal ; the l e ft and r i ght 
halve s  of  the data c lus t e red  in the s ame mann e r . None o f  
the other c lus ters , on the other hand , showed any de gre e  
o f  symme t ry or  ve ry much s imi l ar i ty amon g thems e l ve s . 
UDI ST ( F i gure 3 )  and UCOR ( Fi gure 4 )  are p e rh ap s  s at is ­
fac tory , b ut the prob l em o f  cha in ing i s  inc i p i ent  in WCOR 
Tab l e  5 .  The f i r s t  four p l o t s  o f  CONT IN 6 4 , a 
c ont inuous dat a s e t  o f  6 4  p lo t s . Numb ers  
in  the b ody of  the  mat rix represent the 
imp o r t ance value of spe c i e s . 
P l o t s  
1 2 3 
1 1 0  
2 9 1 0  
3 8 9 10  
4 
4 7 8 9 1 0  
5 6 7 8 9 
� 
� 6 5 6 7 8 ·� 
u 
� 7 4 5 6 7 � 
U) 
8 3 4 5 6 
9 2 3 4 5 
1 0  1 2 3 4 
1 1  1 2 3 
1 2  1 2 
1 3  1 
7 0  
4 8 1 2  1 6  2 0  2 4  2 8  3 2  36  40  44  4 8  5 2  5 6  6 0  6 4  
F i gure 2 .  MINFO/MD I SP dendro gram o f  CONT IN 6 4  dat a s e t . Numbe rs at the 
b o t tom are plot  l abe ls . The ve rt ical  ax i s  corresponds to the s imi l ar i ty 
c o e f f i c i ent as me asure d by within - group d i s p e rs i on for MDI SP and mutual in forma ­
t ion fo r MINFO . S ince MINFO and MD I SP produce d e s s ent i al ly i dent i c a l  h i e rarch i e s , 
on ly a s ingle  dendro gram i s  p re s ented here . 
-.....:1 
1-' 
4 8 1 2  1 6  2 0  2 4  2 8  3 2  36  40  4 4  4 8  5 2  5 6  6 0  6 4  
F i gure 3 .  UDI ST dendrogram o f  CONTI N  6 4  dat a  s e t . Numb e rs at the b o ttom 
are p l o t  l abe ls . The ve rt i cal ax i s  corresponds to the s t andard d i s t ance 
s imi l ar ity coe fficient . -..,J N 
���  
4 8 1 2 .  16  2 0  2 4  2 8  3 2  3 6  4 0  4 4  4 8  . 5 2  5 6  
F i gure 4 .  UCOR dendro gram o f  CONT I N  6 4  data s e t . Numb e rs at the 
bot tom are plot l abe ls . The ve rt ical  axi s  corre s p onds to  the Pe ars on 
product - moment co rre lat i on coe ffic i ent . 
6 0  6 4  
-....] 
LN 
4 8 1 2  16  20  2 4  2 8  3 2  3 6  4 0  4 4  4 8  5 2  5 6  6 0  
F i gure 5 .  WCOR dendrogram o f  CONT I N  6 4  data s e t . Numb e r s  at the 
b ottom are p l ot l abels . The ve rt i c a l  axi s  corresponds to the P e ar s on 
product -moment corre l at i on coe ffic i ent . 
6 4  
-......) 
� 
4 8 12  16  2 0  2 4  2 8  3 2  36  40  44  48  5 2  5 6  
Fi gure 6 .  WDI ST dendrogram o f  CONT IN 6 4  dat a  s e t . Numb e rs at the 
b o t t om are pl ot lab e l s . The ve rt i cal ax i s  corresponds to the s tandard 
d i s t ance s imi l arity coe ffi c i ent . 
6 0  6 4  
-....) 
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( Fi gure 5 )  and i s  in ful l  b l os s om in WD I ST ( Fi gure 6 ) . 
Chain in g  re s u l t s  when c lus t e rs grow in s i z e  by  the accre ­
t i on o f  much s mal l e r  groups o f  one o r  a few indivi duals  
rather  than b y  the fus i on of  comp arab l y  s iz e d  group s  
(Wil l i ams and L amb ert , 1 9 6 6 ) . Chain ing can b e c ome 
p art i cularly p rob l emat ical  when us ing real dat a ; at h i gher  
clus t e r  l e ve l s  the re are  o ften l e ft a few l ar ge group s  
and s eve ral s ma l l  group s with n o  b a l ance b e tween them . 
The next p rob l em was to  sub s et the dat a and re ­
c l as s i fy t o  s e e  i f  the o r i g inal group s  cou l d  maintain 
the i r  i dent i t y . When W .  T .  Wi l l i ams fi rs t s ugge s ted the 
sub s et t ing  p r ocedure ( c f . Lange , et al . ,  1 9 6 5 )  he  recom­
mended randomly s p l i t t ing  the o r i ginal dat a in  hal f and 
analyz ing the two s e c t i ons  s eparat e ly . Lan ge , e t  al . t r i e d  
the techn ique us in g as s oc i at ion analys i s  and found that 
only at the h i ghe s t  c lus t e r ing leve l s  ( i . e . , tho s e  with 
few c l us t er s )  were the c l as s i fi cat i on s  re as on ab ly s t ab l e . 
They conclude d that the s ort ing  proce s s  is  e s s ent i al ly 
value l e s s  at l ower l e ve l s . The i r  c onclus i on s e ems s ome ­
what premature , h oweve r .  In  e ffect , they are w ip in g  out 
the val idity o f  mos t  l ower  leve l  c l as s i fi c at ions . Any 
c l as s i ficat i on approach w i l l  di ffe rent i al ly arrange  s ub ­
p opul at i on s  except for the case  in whi ch the s ubp opul at i on 
i s  pract i c al ly i dent i c a l  t o  the parent popul at i on ( in 
te rms o f  me ans and vari at i on s  o f  characte r i s t i c s  o f  
inte re s t ) . Such iden t i ty gene ral ly can only b e  found when 
7 7  
the o r i ginal s amp l e  i s  qui t e  l arge . Ve ge t at i on i s  s o  
h i ghly var i ab l e , howeve r , that only rare ly i s  a t ruly 
ade quate s ampl e  t aken . By s ub s amp l in g , Lange , et al . 
( 1 9 6 5 )  dr as t i cal ly reduced the o r i g inal s amp l e  s i z e ; and 
l owe r l eve l c l us t e rs , be caus e they have fewer  p l ot s , 
suffered  more from the reduct ion than did  h i gh e r  l eve l 
clus ters . Th i s  by n o  me ans  prove s that l owe r l eve l 
clas s i fi cat i on s  are value l e s s . Lower l e ve l  c l as s i ficat i ons 
are nece s s ary , b ut they are al s o  nece s s ar i l y  tent at ive . 
As new data arr ive a l l  c l as s i fi cat i ons  are s ub j e c t  to 
adj ustment and re interp re t a t i on . No c l as s i fi c at i on i s  
eve r  comp l e t e  as l ong a s  any dat a are unt ab u l at e d . H i gher  
leve l  c l as s i ficat i ons  have a gre ater  leve l of  s tab i l i ty 
be caus e they have a b roade r data b a s e , n ot b e caus e they 
are inhe rent l y  b e t t e r  or  mo re val i d  than l ower  leve l s . I t  
i s  imp o r t ant  t o  recogn i z e  that c l as s i fi c at i on s  are not in ­
tended as t rue p i cture s o f  the real  worl d .  They are us e ful 
tool s ; that is  al l .  When the i r  ut i l i ty i s  no  l onger  
accept ab l e , they should  be  d i s carde d . The p rob l em i s  t o  
s e l e ct a b road enough in i t i al data b a s e  s o  that t h e  ut i l i ty 
o f  the resul t in g  c l as s i fi c at i on wi l l  s urvive for a s at i s ­
factory p e r i o d  o f  t ime . 
A more s u i t ab l e  me ans o f  s ub s e t t ing  a p opul at i on 
would b e  t o  s e le ct al l tho s e  individual s from a s in gl e , 
h i gh l eve l c lus te r .  S ince the s ub s et would b e  i dent i c a l  
t o  t h e  parent popul a t i on , there would  b e  no  prob l em 
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ar i s ing from r e duc t i on o f  s ample  s i z e . Thi s  s ingle  
clus t e r  could then be  reclus tered by i t s e l f  to see  if  the 
pat t e rn o f  c lus t e r ing  was con s i s tent w i th the p at t e rn i t  
fo l l owe d in t h e  o r i g inal  d a t a  s e t . Th i s  was done with 
CONT IN 6 4 . L o ok ing  at Fi gure s 2 - 6 ,  p ages  7 1 - 7 5 , the f i r s t  
3 2  p l o t s  we re  cho s en as  un i t s  for MINFO and MDI SP , the 
first  31 p l o t s  o f  UCOR and the l as t  31 p l o t s  o f  WCOR we re 
s e l e c te d ,  and the f i r s t  40 o f  UDI ST and the l as t  4 8  o f  
WDI ST were cho s en . The re s u l t s  are s hown in Fi gure s 7 - 1 1 .  
Once again MINFO and MDI SP we re iden t ical  and al s o  exac t l y  
pat t e rned t h e  o r i g inal p athways o f  CONT IN 6 4 . No othe r 
clus t e r  program , howeve r ,  dup l icated  the CONTI N  6 4  pat ­
terns . The s im i l arit i e s  b e tween p arent and s ubp opulat i on 
we re comp ared by  the Goodman - Krus kal s t at i s t i c s  at the 
l eve l o f  four c l u s t e r s  for MINFO , MD I S P , WCOR , and UCOR , 
and at the two c l us t e r  l eve l fo r UDI ST . The pat t e rns  for 
WDI ST we re s o  divergent b e twe en CONT IN 6 4  and the s ub s e t  
that they were not  comparab l e  at  any l evel . The r e s ul t s  
are s h own b e l ow :  
PROGRAM GOODMAN - KRUSKAL INDEX 
MIN FO 1 . 0 0 0 0  
MD I SP 1 . 0 0 0 0  
WCOR 0 . 36 36 
UCOR 0 . 7 1 4 3  
UDI ST 0 . 5 0 0 0  
MINFO and MDI S P  s how p e r fe ct s imi l ar i ty wh i l e  the othe rs  
4 8 1 2  1 6  2 0  2 4  2 8  32  
Fi gure 7 .  MINFO/MD I SP dendro gram o f  the first  3 2  p l o t s  of  CONT I N  6 4  
data  s e t . Compare with p l o t s  1 - 3 2  in F i gure 2 ,  p a ge 7 1 .  -...,) 
\.D 
4 8 1 2  1 6  2 0  2 4  2 8  32  36  40  
Fi gure 8 .  UDIST dendrogram of  the  fi r s t  40  p l o t s  o f  CONTIN 64  data  
s e t . Comp are with  plots  1 - 4 0  in  F i gure 3 ,  p age 7 2 . (X) 0 
4 8 1 2  1 6  2 0  2 4  2 8  
F i gure 9 .  UCOR dendro gram o f  the fi rs t 3 1  p l o t s  o f  CONT IN 6 4  data 
s e t . Compare with plot s 1 - 3 1  in Fi gure 4 , , p age 7 3 . 00 
� 
36  40  44  4 8  5 2  5 6  6 0  6 4  
F i gure 10 . WCOR dendro gram o f  the l as t  3 1  p l o t s  o f  CONT IN 6 4  dat a 
s e t . Compare with plot s 3 4 - 6 4  in F i gure 5 ,  p age 74 . 00 N 
20 2 4  2 8  3 2  3 6  40  44  48  5 2  5 6  6 0  6 4  
F i gure 11 . WDI ST dendr o gram o f  the l as t  4 8  p l ot s  o f  CONT IN  6 4  dat a  
s e t . Compare with p lots  1 7 - 6 4  in F i gure 6 ,  p age 7 5 . 00 
VI 
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are suffi c ient ly d i s s imi l ar t o  b e  o f  l it t l e  value . 
Since CONT IN 6 4  i s  an ar t i fi c i al dat a s e t  and may 
have certain charact e r i s t i c s  wh i ch un fa i r l y  d i s tort  the 
re spons e s  of the four CLUSTER opt i on s , con s i de r  anothe r 
dat a s e t  made up o f  a l l  s pe c i e s  p re s ent  in 1 0  t o  6 0  p e r ­
cent o f  the Fentre s s  County p lo t s  ( 8 2  s pe c i e s ) . Th is  i s  
the range o f  s p e c i e s  fre quen c i e s  gene rally  us ed  in the 
Braun - B l an que t c l as s i ficat i on s ys tem (Mue l le r - Domb o i s  and 
El l enb e rg , 1 9 7 4 ) . By e l iminat in g the mo s t  ub i qu i tous 
spec i e s , the chance o f  any one p ro gram be in g  p art i cularly  
s ens i t ive to  the dominance of  one  or  a few s pe c i e s  is  
cur t a i l e d . When the  dat a s e t  was  subm i t t e d  t o  the s ix 
c lus te r in g  p rograms , the four CLUSTE R opt i ons  showed 
s i gns  of e xce s s ive chaining wh i l e  none were p re s ent in 
MINFO or  MD I SP .  For examp l e , at the 1 2 - clus t e r  level , 
WDI ST had four c lus t e r s  cons i s t ing  o f  a s in g l e  p l o t  e ach , 
UCOR had s ix s uch clus te r s , and UDI ST had 1 0 . WCOR had 
only one s in gle - p lot  clus t e r , but chaining was nonethe l e s s  
apparent throughout the h i e r archy . MINFO and MDI SP had no  
s in gl e - p l ot c l us t e r s  and s h owed no  ove r al l  t enden c i e s  
toward cha in ing . 
In the s e  t e s t s  and in o thers  l ike them MI NFO and 
MDI SP behave d quite  admi rab ly wh i l e  WCO R ,  UCOR , WDI ST ,  and 
UDI ST generally  fe l l  far short . I t  was dec i ded , the re fore , 
t o  us e MINFO and MDI SP in the Fentre s s  County analy s i s  and 
t o  d i s card the other four p r o grams . 
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De fining Ve ge t at i on Noda by the Me an Ind i c at o r  Score 
The que s t i on was put forth in Chapt e r  V that s ince 
fide l ity and c on s t ancy of characters  are the de fin ing 
parameters  o f  t axa , then by an a l o gy are n o t  the fidel ity  
and con s t ancy of  s pe c i e s  ( charac t e r s )  the de finin g  
parameters  o f  noda ( as s oc i at i ons  or  commun ity  type s ) ? I n  
other words , s ince the d i s cont inui ty amon g s p e c i e s  is  
re c o gn i z e d  by  the fide l ity and c ons t ancy of  charact ers , 
i s  it  not als o  p o s s ib l e  t o  recogn i z e  the d i s c ont inui t i e s  
among ve ge t at ion typ e s  ( i f  s uch d i s cont inui t i e s  in fact  
exi s t) by examin ing the fide l ity and c on s t ancy of  spe c i e s  
within typ e s ? T o  tes t the hypo the s i s the MI S (Mean 
Indicat o r  S c o re )  was us e d  to  s e e  i f  it  could  recogn i ze 
d i s con t inu i t i e s  in the dat a  s e t . 
I f  the MI S was cal cul at e d  for e ach leve l in a given 
clus t e r  h i e r archy , it was as s umed that the MI S would have 
l ow value s at e arly leve l s  in the h i e rarchy s ince fide l i ty 
fo r c lus t e r  typ e s  woul d b e  l ow .  S imi l ar ly , the MI S would 
b e  re l at ive ly l ow at h i gh leve l s  in the h i e r archy s ince 
cons t ancy with in typ e s  would  b e  l ow for all  except the 
ub i qu i tous spec i e s . Hence , it was argue d that the MI S 
would  be  maximal ly e ffic ient ( i . e . , have the h i ghe s t  
va lue ) at that l e ve l  in wh i ch fide l ity and con s t ancy for 
a l l  spe c i e s as a who l e  opt imal ly b a l ance ; and ,  furthe rmore , 
i f  the re are inde ed d i s continuit i e s  in the dat a  s e t , then 
the maximum MI S shoul d be found at that clus t e r  l eve l 
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whi ch rough l y  c o incide s  with the p at t e rn o f  d i s con t inu i ­
t ie s . 
The MI S app ro ach was t r i e d  on a numb e r  o f  art i fi ­
c ial , d i s c ont inuous data s e t s . E ach data s e t  was 
arran ge d  in a h ierarchy of c lus t e r s ; a l l  d i s c ont inuit i e s  
for a g iven s e t  were re flected  a t  the s ame c l us t e r  leve l . 
When the MI S was calculat e d  for e ach s e t , the in i t i a l  
re s ul t s  w e r e  qui t e  encourag in g .  The MI S was rout ine ly l ow 
at e arly l e ve l s  whe re there were nume rous c l us t e r  type s ,  
r o s e  p r o g re s s ive ly to  a p e ak corre sp on d ing t o  the dis ­
c ont inu i ty pattern , and de c l ined again at h i gh e r  clus t e r  
l eve l s . L at e r  s tudie s , h oweve r , p o inted  u p  a fal l acy in 
the argument . When the s pe c i e s  in a g i ven data  s et we re 
b roken out int o  ove ral l frequency c l as s e s  ( e . g . , tho s e  
s pe c i e s  found i n  1 - 10 pe rcent o f  a l l  p l o t s  re gardl e s s  o f  
type , 1 1 - 2 0  pe rcent , et c . )  and the M I S  was c a l cu l at e d  
s ep arate ly f o r  e ach c l as s , i t  b e came apparent that the 
s pe c i e s  o f  l ow frequency had h i gh ind icator  s cores  where  
the re were  many c lus ter  type s , wh i l e  the  s p e c i e s  of  h i gh 
fre quency had h i gh indicat o r  s co r e s  when the re were few 
o r  on ly one c l us ter  type . In  fact the re was  a good  
re c ip rocal  re l at ions hip  b e tween me an frequency c l as s  value 
and the numb e r  o f  clus ters  ind icated  as opt imum . Thus it  
turned  out that ins t e ad of  p o in t ing  out d i s c ont inui t i e s  in 
a dat a s e t , the  MI S was re fl ect ing a func t ion re l ated  t o  
the me an frequency leve l  o f  the spe c i e s  pre s ent . 
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The p e ak ing  MI S i s  not an arti fac t p e cu l i ar to  the 
MI S a l go r i thm , howeve r ; it  is charact e r i s t i c  o f  any 
fo rmul a that at temp t s  to  find d i s c ont inui t ie s  b a s e d  on 
spe c i e s  fi de l ity and cons tancy . No mat t e r  h ow fide l ity 
is de fine d , it nece s s ar i ly mus t  have a maximum when the re 
is only one c lus ter . Furthe rmore , fi de l i ty gene ral ly 
imp rove s as the numb e r  o f  c lus ters  dec re as e s  ( fide l ity 
may remain the  s ame moving up the h i e rarchy to a given 
leve l of fewer clus ters  but it  c annot  de cre as e in value ) . 
S im i l arly , con s t ancy always has a maximum when the numb e r  
o f  c lu s t e r s  i s  a t  a maximum ( i . e . , when e ach s t and is  
con s i de re d  a s ep arate clus t e r) and gen e r a l ly decreas e s  in 
value as the numb e r  o f  c lus ters  b e c ome s fewe r .  The s e  
trends are graphical l y  demons trat e d  in Fi gure 1 2 . The 
ind i cator  value , wh i ch i s  a funct i on o f  con s t ancy and 
fi de l i ty ,  wi l l  opt imi z e  at s ome val ue wh i ch c omp romi s e s  
between thes e  oppos ing trends . Whe re that compromi s e  fal l s  
i s  a fun c t i on o f  the mode l , not the dat a ; n o  mat t e r  what 
the mode l i s , p rovided it  i s  b as e d  on fide l ity and con ­
s t ancy alone , the compromi s e  mus t  always b e  made . 
Thus fide l ity and con s t ancy cann o t , by thems e l ve s , 
b e  us e d  for re co gn i z in g  d i s c ont inui t i e s  in ve ge t at i on 
dat a .  The on ly t i me they could b e  u s e d  wou l d  b e  in a data 
s e t  s uch as that shown in F i gure 12b in wh i ch the curve s 
for fide l i ty and cons t ancy are almo s t  at the i r  pe aks 
b e fore they inte rsect . Th i s  i s  app arent ly the c a s e  for 
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F i de l ity 
C on s t ancy 
( a) (b )  












0 ' 0 ' ' 
Many Few Many X ·  1 Few 
No . C l us t e rs No . C lus ters 
F i gu re 1 2 . Two p o s s ible examp le s  o f  the re l at i on ­
ship b e twe en fide l ity  and con s t ancy for any given s pe c i e s  
1n a c l us t e r  h i e rarchy . The only con s train t s  on the 
curve s for fide l i t y  and con s t ancy are that the s l ope o f  
the f i de l i ty curve can neve r be ne gat ive and the s l ope o f  
the c on s t ancy curve can neve r b e  p o s i t ive .  In ( a) the 
opt imum numbe r  o f  c lus t e rs corre sponding to the maximum 
ind i c at o r  value (where  indi cator value i s  de f ine d as a 
funct ion o f  con s t ancy and fidel ity) can b e  any o f  the 
p o in t s  on the ab s c is s a ,  depending on the nature o f  the 
funct i onal  re l at i onship b e twe en con s t ancy and fide l ity .  
In ( b ) , howeve r , the opt imum numb e r  o f  clus t e rs mus t  always 
b e  in the imme d i at e  v i c inity  o f  X i · See text for furthe r  
exp l anat i on . 
character  var i at i on analys i s  in nume r i c al taxonomy and 
exp l a ins  how c on s t ancy and fide l i ty c an be us ed  for 
de fin ing t axa . In  fact a s t rong argument can be  made 
for applying the  MI S t e chn i que t o  nume r i cal taxonomy 
probl ems t o  s e e  i f  natur a l  s p e c i e s  group s  corr e s p ond t o  
peak MI S s co re s . 
Comparis on o f  C l as s i fi cat i on Sys tems 
Ten dat a s e ts we re s ubmi t t e d  to MDI SP and MINFO 
fo r clus t e r in g :  
1 .  Ove r s t o ry s p e c i e s  p re s ent in 5 pe rcent or  
more p l o t s  ( Appendix C )  , 
2 .  Reproduc t i on s p e c i e s  p r e s ent in 5 pe rcent o r  
more p l o t s  ( Appendix C )  , 
3 .  Shrub spec i e s  p re s ent in 5 pe rcent or  more 
p l o t s  (Appendix C )  , 
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4 .  Ove rs t ory and s hrub spe c ie s  p re s ent in 5 pe r cent 
or more p l o t s  ( 1  and 3 c omb ined) , 
more 
mo re 
5 .  Ground cover s p e c i e s  pre s ent  in 1 0  p e r cent or  
p l o ts ( Appen d ix C )  , 
6 .  Al l s amp l e d  s p e c i e s  pre s ent in 1 0  pe rcent or  
p lo t s  ( Appendix C )  , 
7 .  A l l  s ampl e d  s pe c i e s  pre s ent in 1 0 - 6 0 pe rcent 
o f  p l o t s  (Appendix C)  , 
8 .  Al l s tructural - funct i onal  characte r i s t i c s  
( Tab le  2 ,  p age 2 8 ) , 
9 .  Se l e cted  s tructural - funct i onal and quan t i t a ­
t i ve ve ge t at ional  charact e r i s t i c s  ( Tabl e  6 ) , 
1 0 . Env ironmental  p ar ame te rs ( Tab le  1 ,  p age 2 0 ) . 
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Data s e t s  1 ,  2 ,  3 ,  4 ,  and 5 we re  bas e d  on the 
importance value s of the spe c i e s  invo lve d ,  whi l e  6 and 7 
were only c once rne d with the p re s ence or  ab s ence o f  
spe c i e s .  Data s e t s  8 ,  9 ,  and 1 0  were s ub j e c t e d  t o  
l o gari tmi c t r an s formation p r i o r  t o  clus te r in g . Data s e t  
7 was b as e d  on 1 0 - 6 0  pe rcent fre quency be caus e th i s  i s  the 
range of s p e c i e s  general ly us ed  in the Braun - B l anque t 
c l as s i ficat i on s y s tem (Mue l l e r - Domb o i s  and E l l enbe rg , 1 9 7 4 ) . 
Thre e other  c l as s i f i c at i on s cheme s  a l s o  were 
examine d .  The s e  were a TVA fore s t  type c l as s i fication 
sys tem , a p e r s onal ly derive d  ove rs tory c l as s i ficat ion 
sys tem , and a c l as s i ficat i on s y s tem b as e d  on the firs t 
three l eadin g - dominant ove r s t ory s pe c ie s . Thus , the re 
were 2 3  c l as s i fi c at i on s cheme s in a l l . Aft e r  examin in g  
all  clus t e r  h i e r ar ch i e s , i t  was de c i de d  t o  choo s e  the 
leve l  in e ach s ys t em whi ch p roduc e d  12 clus t e r s . The 
p e r s onally der ive d  c l as s i f i c at i on s y s t em had 1 2  type s , and 
there we re 1 2  maj or typ e s  in the TVA s y s tem (plus two 
t r ivial  typ e s  c on s i s t ing  o f  1 p l o t  e ach) . In add i t ion , 
bo th MINFO and MDI S P  dendrograms b as ed on ove rs tory showe d 
1 2  we l l - de fine d  group s . The onl y  c l as s i fi c at i on not 
readi ly amenab le  t o  12  group s was  the l e ad in g  dominan t s  
c l as s i ficat i on . Thus , t h e  f i rs t three  l e ading  dominant 
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Tab l e  6 .  S e l e c t e d  s t ructur al - funct i onal  and quant i t at ive 
ve ge t at i onal characte r i s t i c s  s ubmitted  t o  MDI SP 
and MINFO for c l us t e r in g . S e e  the s econd s ect i on 
o f  Chap t e r  I I I  for an exp l anat i on o f  the 
characteris t ic s . 
Structural - Funct ional 
Charac t e r i s t ics  
Dec i duousne s s  
Po l l inat ion me chan i sm 
Flowe r ing  s e as on 
Se e d  d i spe r s al me chan i sm 
Fragrance 
Apomix i s  
Twi g  th i ckne s s  
L e a f  s i z e  
Leaf  th i ckn e s s  
Branch ing p at t e rn 
Wood dens i t y  
Root  system  
F i re sus cept ib i l ity  
Soil  mo i s ture p re fe rence  
pH p re fe rence 
Se ral po s it i on 
Quan t i t at ive Ve ge t at i on al 
Charact e r is t i cs  
Ove r s t o ry b as al area  
Reproduct i on b as al are a 
Shrub b as al are a 
Shrub dens ity 
Shrub percent cove r 
Ground cove r percent c ove r 
Ove r s t ory dive rs i ty 
Reproduct i on d ivers ity 
Shrub d ive rs ity 
Ground cove r divers ity 
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spec i e s  rath e r  than the firs t s p e c i e s  alone we re us ed  in 
e s t ab l i sh ing  the 12 group s . Un fortunat e ly , there is no  
techn ique deve l oped t o  date  wh ich w i l l  ob j e ct ive ly s e lect  
the  op t imum c lus tering l e ve l . · The c l o s e s t  approach to  
ob j e c t i vi ty i s  to app ly s ome s ort o f  s topp ing rul e for 
t e rminat ing a c lusterin g  p ro ce s s  ( Goodal l , 19 7 3 ) . 
Wil l i ams and Lambert ( 1 9 6 0 ) , fo r e xamp l e , u s e d  a maximum 
chi 2 value in as s oc i a t i on analy s i s . S t opping rul e s  are 
gene ral ly rathe r arb i t rary , howeve r ,  denyin g the inve s t i ­
gat or  the ins i ght o f  intui t i on w i thout givin g  him the 
advantage o f  t rue ob j e ct ivity . 
Me an indi c ator s co r e s  (MI S )  and me an envi ronmen t al 
s cores  ( ME S )  we re calcul ate d  for e ach o f  the 2 3  c l as s i fi c a ­
t i on s . MI S ' s  were de t e rmin e d  by  two me thod s : in one cas e , 
only the ove r s tory spe c i e s  p re s ent in 5 pe rcent or  more o f  
the p lo t s  ( 1 9 specie s )  we re  us e d  (MI S 1 9 ) and in the othe r 
the MI S was b a s e d  on the top  S O  ind i c at o r  s co r e s  o f  a l l  
spe c i e s  i n  e ach clas s i ficat i on s y s t e m  r e gard l e s s o f  s tr atum 
(MI S s o ) .  The re s ul t s  o f  the ME S and MI S analy s e s  are 
given in Tab l e  7 .  For comp arat ive purp o s e s  a control  
c l as s i fi cat i on sys t em ( l as t item  in Tab le 7 )  was  gene rat e d  
by s y s temat i cal ly as s i gn in g  e ach p l ot t o  one of  1 2  c l us t e r  
type s . Thus , for examp l e , p l ot 1 was as s i gned t o  type 1 ,  
p l ot 2 t o  type 2 ,  . . .  , p l o t  1 2  t o  type 12 , p l o t  1 3  t o  type 
1 again , p l ot 14  to  type 2 ,  and s o  on . The cont ro l s e rve s 
the funct i on o f  providin g  an uppe r  l eve l for the MES and a 


















ME S ,  Mi s 19 , and MI S 5 0 s c ale s for 2 3  Fen t r e s s  
County ve get at i on c l as s i ficat i on s ys tems and 
a c ont rol  c l as s i fi cat i on . 
Clustering Clustering 
Program Units MES MIS19 MIS 5o 
MINFO Overs tory 12 . 42 . 251 . 252 
MDISP Overs tory 12 . 15 . 263  . 183 
MINFO Reproduction 12 . 00 . 184 . 226 
MDISP Reproduction 12 . 70 . 154 . 158 
MINFO Shrubs 12 . 05 . 169 . 268 
MDISP Shrubs 11 . 75 . 150 . 225  
MINFO Overstory + shrubs 11 . 44 . 24 7 . 292 
MDISP Overstory + shrubs 12 . 41 . 223  . 191 
MINFO Grotmd cover 12 . 01 . 184 . 292 
MDISP Grotmd cover 11 . 75 . 125  . 206 
MINFO Species present in 11. 43 . 158  . 259 
10 -100% of plots 
MDISP Species present in 11 . 30 . 186 . 269 
10 -100% of plots 
MINFO Species present in 12 . 2 1  . 161 . 302 
10 -60% of plots 
MDISP Species present in 11 . 49 . 138 . 344 
10 -60% of plots 
MINFO Structural- 13 . 14 . 174 . 131 
ftmctional (SF) 
characteristics 
MDISP Structural- 12 . 61 . 170 . 131 
ftmctiona1 (SF) 
characteristics 
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Tab l e  7 .  ( c ont inue d) 
Clustering Clustering 
Designation Program Units MES 19 MIS 5o 








EPl MINFD Environmental 10 . 93 . 071 . 130 
parameters 
EP2 MDISP Environmental 10 . 66 . 098 . 156 
parameters 
TVA TVA forest types 12 . 07 . 162 . 147  
SUB Subjective over- 12 . 01 . 161 . 2 19 
story system 
LD Leading dominants 12 . 02 . 2 39 . 200 
Control 14 . 93 . 069 . 0 74 
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l ower leve l for the two MI S s cale s . The envi ronmental 
parame ter  c l as s i ficat i ons  p rovide l owe r l e ve l  ME S gui des 
whi l e  the MINFO and MDI SP ove rs tory c l as s i f i c at i on s  give 
upper l eve l gui d e s  fo r the MI S b a s e d  on ove rs t o ry (MI S 1 g ) .  
The four p r e s ence / ab s ence c l as s i fi cat i on s  b a s e d  on a l l  
spe ci e s  regardl e s s o f  s tratum ( 1 0 1 , 1 0 2 , 6 1 , and 6 2 )  s e rve 
as upper  l e ve l  s t andards fo r the M I S  b a s e d  on the top 5 0  
indi cator s co r e s  ( MI S s o ) .  
Tab l e s  8 ,  9 ,  and 1 0  show the re s ul t s  o f  Dun can ' s  
new mul t ip l e  ran ge t e s t fo r the ME S ,  MI S s o , and MI S 19 · 
The ME S ' s  have a gre at de al o f  ove r l ap among the 2 3  
c l as s i fi cat ions  ( i . e . , ove r l app ing me ans are not s i gn i fi ­
cantly di fferent at the 5 pe rcent s i gn i ficance l eve l ) . 
Whi l e  the gen e r al t rend from l ow value s for the environ ­
mental  parame t e r  c l as s i fi cat i ons to  h i gh values  for the 
s tructural - funct i onal and s tructural - funct i onal - ve ge t at i onal  
c l as s i ficat i on s  is  val i d , the  ove r l ap is  gre at enough that 
the MES is o f  l imited  us e as a c omparat ive t e s t  among 
me ans for the Fentre s s  County dat a  s e t . Fent re s s  County , 
h oweve r , l i e s  on the Cumb e r l and P l a t e au whe re t op o graph i c  
var i ab l e s  are s ub t l e  and d i ffus e . The t e chn ique needs 
furthe r te s t in g  in a re gi on in whi ch t op o gr aph i c  var i ab l e s  
are more s t ron g ly de fined . 
The MI S s o ' s ,  on the other hand , show much s tron g e r  
group in g .  The four c l as s i ficat i ons  b a s e d  o n  the p r e s ence 
or ab s ence of s p e c i e s  re gardl e s s of s t ratum ( 10 1 ,  1 0 2 , 6 1  
Tab l e  8 .  D un c an ' s  new mul t i p l e  range t e s t  for mean envi ronme n t a l  s c o r e s  (MES) o f  2 3  Fen t r e s s  Coun t y  vege t a t i on c l as s i fi c a t i on s y s t em s . 
A l l means und e r sco red by the s ame l in e  a re not s i gn i fican t l y  d i f fe r e n t  at the 5 p e rcent s i gn i f i c ance l eve l .  
Classi fication EP2 J.:Pl 102 101 051 62 G2 52 IU G1 stm LD Sl 'IVA 02 61 052 01 SF2 R2 SV2 SVl SFl 
�IES 10 . 66 10 . 93 11. 30 11.43 11.44 11.49 1 1 . 75 1 1 . 7 5  12 . 00 12 . 0 1  12.0)  12 . 02 12.05 12 .07 12 . 15 1 2 . 2 1  1 2 . 4 1  12 . 4 2  1 2 . 6 1  12 . 70 13. 0 1  13. 1 2  1 3 . 1 4  
t.D 
0\ 
Tab le 9 .  Duncan ' s  new mul t ip l e  ran gP t e s t  for me an i n d i c a t o r  s co r e s  o f  the t op S O  
( M I Ss o ) in e ach o f  1 9  Fen t r e s s County ve g � t at i on c l a s s i f i c at i on s y s t ems . 
t i ons b a s e d  on the p re s ence o f  a l l  s pe c i e s  w i t hin e ach p l ot are omi t t e d .  
s cored by the s ame l ine are n o t  s i gn i fi c an t l y  d i f fe rent a t  the 5 p e rcent 
ind i c a t o r  s p e c i e s  
Four c l as s i fi c a ­
Al l me an s  unde r ­
s i gn i f i cance l e ve l . 
Classification G1 OSl Sl 01 Rl 52 SUB G2 LD OS2 02 R2 EP2 TVA SFl SF2 EPl SVl SV2 
MIS so . 292 . 292 , 268 .252 . 226 . 225 . 219 . 206 . 200 . 191 . 183 . 158 . 156 . 147 . 132 . 131 . 130 . 117 . 116 
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..._;J 
Tab l e  1 0 . 
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Oun c an ' s new mul t ip l e  range t e s t  for me an ind i c a t o r  s c o re s  o f  1 9  overs t o ry s p e c i e·s ( �n s 1 9 ) in each of 23 Fen t r e s s  County v e ge t a t i on c l a s s i f i c a t i on sys t e ms . A l l  means un d e r s c o re d  by the s ame l ine are n o t  s i gn i f i c an t ly d i f fe rent a t  the S percent s i gn i f i c ance l e ve l .  
02 01 OSl LD OS2 102 Gl Rl SF2 SFl S l  'IVA SUB 6 1  101 R2 S2 62 G2 SVl EP2 S\'2 EPl 
.263 . 251 .247 . 2 39 .223 . 186 . 184 . 184 . 170 . 1 70 . 169 . 162 . 16 1  . 161 . 158 . 154 . 150 . 138 . 125 . 11 7  .098 .075 .071 
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00 
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and 6 2 )  are not included i n  Tab le 9 .  S ince the MI S 5 0  i s  
b a s e d  on the s ame spe c i e s  c a l cul at i on s  that we re us ed in 
the c lus t e r ing  o f  the s e  four c l as s i fi c a t i ons , inc l uding  
them in  the  t ab l e  would b e  s omewhat c ir cul ar . To  a 
ce rt a in extent the s ame argument can b e  made for exc l ud ­
ing the MINFO and MDI SP ove r s tory c l as s i fi cat i on s  from 
Tab l e  10 . The ove rs tory c l as s i fi c at i on s  are inc l uded in 
Tab l e  1 0 , howeve r ,  becaus e they were c lus t e re d  on the 
b as i s  o f  imp o rtance value r athe r than p re s ence / ab s ence 
( the b a s i s  of the MI S ' s ) and al s o  b e c aus e they can be  
val idly comp ared  agains t the o the r thre e  ove r s t o ry c l as s ­
i fi c at i ons  ( SUB , TVA , and LD) . 
The f i r s t  four c l as s i fi c a t i on s  in Tab l e  9 ( G l , OSl , 
S l , and 0 1 ) form the s t ron ge s t  group . On ly 0 1  shows ove r ­
lap with  any o the r group . Al l four c l as s i fi c at i on s  rep re ­
s ent di ffe rent s tr at a .  The only s tr atum no t rep re s en t e d  
i s  the rep roduct i on l aye r , and i t  i s  o n l y  one s tep out o f  
the group in t e rms o f  ranked me an s . App arent ly a c l as s ­
i fi c at i on b a s e d  on any s t r atum (wi th the p o s s ib l e  excep t i on 
o f  the repr o duc t i on)  wi l l  g i ve an e qual ly val i d  interpre ­
tat i on o f  ve ge t at ional  p a t t e rns . Th i s  doe s n o t  me an , o f  
cour s e , that the four c l as s i fi c at i on s  are e quivalent ; i t  
only me ans t hey a r e  n o t  s i gn i fican t ly d i ffe rent at the 
5 pe rcent s i gn i fi cance l eve l . A s urvey o f  Tab l e  11 w i l l  
show that inde e d  they are n o t  e quivalent  a t  al l .  In fact 
the two c l as s i fi cat ions mos t  ne arly al ike in the firs t 
Tab l e  1 1 . C omparison o f  2 3  Fen t r e s s  C ounty ve g e t a t i on c l as s i fi c at i on s y s t ems by the Goodman ­
Kru s k al s imi l a r i t y  inde x .  
0 1  02 R1 R2 Sl S2 OSl 052 Gl G2 101 102 6 1  62 SFl SF2 SVl SV2 EPl EP2 TVA SUB 
-
02 .61  
R1 . 33 . 30 
R2 . 2:: . 2 7  . 45 
51 . 29 .26 . 3 3 . 2 8  
52 . 24 . 18 . 33 . 29 .49 
OSl . 58 . 54 . 40 . 34 . 38 . 37 
052 . 5 7  . 79 . 29 . 29 . 28 . 28 . 58 
G1 . 32 .24  . 2 7  . 24 . 34 . 34 . 35 . 24 
G2 . 2 1  . 16 . 24 . 18 . 2 :>  . 19 . 25 . 19 . 4 8  
101 . 2 7  . 24 . 2 7  . 2 4 . 33 . 31 . 30 . 2 3  . 36 . 26 
102 . 30 . 2 8  . 28 . 2 7  . 35 . 37 . 44 . 35 . 4 4  . 33 . 49 
6 1  . 31 . 24 . 2 7  . 24 . 33 . 31 . 3 7 . 2 6  . 37 . 2 7  . 4 8  . 44 
62 . 2 7  . 2 3 . 27 . 2 3  . 2 8  . 29 . 33 . 26 . 36 . 31 . 44 . 40 . 46 
SFl .44 .48 . 22 . 2 3  . 26 . 16 . 4 4  . 47 . 25 . 18 . 2 1  . 22 . 29 . 26 
SF2 . 54 . 55 . 29 . 2 3  . 26 . 2 2  . 51 . 53 . 27 . 18 . 26 . 29 . 32 . 24 . 70 
SVl . 2 8  . 24 . 19 . 15 .21 . 12 . 2 5  . 26 . 22 . 14 . 26 . 1 7  . 2 3  . 2 3  . 15 . 31 
SV2 . •  2 3  . 16 . 15 . 08 . 15 . 10 . 19 . 19 . 2 3  . 09 . 12 . 09 . 17 . 16 . 25 . 2 3  . 44 
EP1 . 18 . 12 . 19 . 15 .23  . 15 . 16 . 12 . 19 . 20 . 21 . 18 . 19 . 21 . 44 . 15 . 16 . 10 
EP2 . 24 . 15 . 2 2  . 2 2  .24 . 22 . 2 3 . 16 . 27 . 24 . 25 . 24 . 21 . 22 . 19 . 19 . 16 . 11 . 4 1  
TVA . 37 . 45 . 19 . 16 . 18 . 15 . 33 . 41 . 15 . 10 . 16 . 18 . 20. . 15 . 34 . 4 0  . 21 . 18 . 11 . 10 
SUB . 5 7  . 6 5  .28  . 2 9  . 2 7  . 20 . 58 . 6 3  . 2 7  . 19 . 26 . 34  . 36 . 29 . 52 . 58 . 29 . 2 2  . 13 . 18 . 39 
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group , 0 1  and OSl , have a s imi l ar i ty o f  only 5 8  pe rcent . 
In  Tab le  1 0  there i s  a s i gn i fi cant amount o f  
ove r l ap amon g me ans . The overs tory c l as s i fi c at i ons  ( 0 1  
and 0 2 )  and the  ove rs t ory -p lus - shrub c l as s i ficat i ons 
(OS l  and OS2 )  h ave con s i s t ently h i gh value s whi l e  the 
envi ronmen t al p arame te r  c l a s s i f i cat ions  ( E P l  and E P 2 )  and 
the s t ructur al - funct ional - ve ge t at ional  c l as s i fi cat i on s  
( SVl and SV2 ) a r e  cons i s ten t ly l ow .  The reproduc t ion , 
shrub , ground , and qual i tat ive c l as s i ficat i ons  ( 6 1 , 6 2 , 
1 0 1 ,  and 1 0 2 ) , on the o th e r  hand , gene ral ly have b oth 
h i gh and l ow me ans depending on the clus t e r in g  p ro gram 
us e d .  
S ince the MI S 1 9  i s  calculated  s o le ly from ove r s t ory 
spe c ie s , the main int e re s t  o f  Tab le  1 0  is  focus ed  on tho s e  
clas s i fica t i on s  b as e d  on ove r s t o ry spec ies  ( 0 2 , 0 1 ,  LD , 
TVA , and SUB) ; 0 2 , 0 1 , and LD are not  s i gn i fican t ly 
di ffe rent , wh i l e  LD , TVA , and SUB are als o not s i gn i fi ­
can t l y  d i f fe rent . Thus , the nume r i cal ly c l as s i fi e d  
sys tems p e r fo rme d be t t e r  o n  the MI S 19  s cale  than did  the 
more or  l e s s s ub j e ct ive ly de r ive d c l as s i fi c a t i on s . 
The c l as s i fi cat ions that are mos t  ne arly al ike 
amon g all c l as s i ficat i on s  (Tab l e  1 1) are OS2 and 02 ( 7 9  
pe rcent) , LD and 0 2  ( 7 8  pe rcent) , LD and SUB ( 7 5  p e rcent ) , 
and LD  and S 2  ( 7 2 pe rcent) . The ave rage s imi l ar i ty among 
al l c l as s i f i c at i ons is 2 9 . 8  pe rcent . Thus , a l l  of the 
s y s t ems in gen e r a l  are fairly d i s s imi l ar ; n one c onve rge 
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on any one int e rp retat i on o f  ve get at ional patterns . E ach 
c l as s i ficat i on as s ume s a d i ffe rent p o int of view j us t  as 
d i f fe rent e c o l o g i s t s  devi s ing  s ub j ect ive c l as s i fi c at i on 
s ys tems s e e  things  un ique ly from di ffe rent vantage point s . 
No one p o int  o f  view can b e  a l l - encomp a s s ing or  "be s t . "  
Cho o s ing  a b e s t  s y s t e m ,  the re fore , i s  a r e l a t ive , 
p ragmat ic  de c i s i on - -what s ys tem i s  b e s t  for a cert ain 
s e t  o f  cond i t i ons . 
CHAPTE R VI I 
SUMMARY AND CONCLUS I ONS 
The s e c ond  tool , the me an environmental  s c ore 
(ME S ) , l ooks at clus t e rs in t e rms o f  environmental  re ­
spon s e  rather than fl o r i s t i c  affin i ty .  The me an , 
s t andard devi at i on , and coe ffi c i ent  o f  vari at i on o f  
s e le cted envi ronmental p arame t e rs are calculated for 
e ach clus te r  within a c l as s i ficat i on . The coe ffic ient 
o f  var i at i on is next s umme d for al l p ar ame t e rs ove r a l l  
clus ters , and the t o t a l  i s  divided by  the numb e r  o f  
c lus t e rs . The me an c lus t e r  s core  then can b e  us ed  for 
comp ar i s on w ith s imilar c l as s i fi cat i on s . The mos t  
e ffic i ent c l as s i ficat i on ( in t e rms o f  environmental  re ­
spon s e )  i s  the one having the l owe s t  me an s co re . 
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The MI S and MES we re us e d  for comp ar in g  cl as s i fi c a ­
t i on s  emp l oy in g  re al dat a .  P r i or t o  the s e  t e s t s , howeve r , 
the s ix c lus t e r ing  programs we re t e s t e d  us ing  ar t i fi c i al 
dat a o f  known s tructure t o  gauge the i r  p e r forman ce s . Two 
o f  the  clus te ring programs exhib i t e d  s eve re chain ing p rob ­
l ems . The s e  two , al ong  w i t h  two othe rs , fur the rmo re , 
s howe d s ome o the r un s avo ry char a c te r i s t i c s . Fo r examp l e , 
al l four we re found to  p roduce d i ffe rent c l as s i fi cat i ons  
o f  an i s o l ated data set  when i t  was remove d  from the con ­
text o f  a l ar ge r  data s e t . Thus , even though no  dat a 
we re adde d t o  the in te r i or o f  the o r i g inal  dat a s e t , 
c l as s i fi c a t i ons  made with  the four p ro grams we re uns t ab l e  
in the proximity o f  o the r dat a .  When the four p r o grams 
we re t e s t e d  again s t  real dat a , cha in ing was again exce s s ive 
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in three o f  them and at l e as t  p rob lemat i c  in the fourth . 
The cha ining  and the dis rupt ive s ub s e t t ing  o f  p opulat i ons , 
the re fore , were c ons i de red s i gn i fi c ant enough t o  e l iminate 
the s e  four p r o gr ams from furthe r us e .  The two remain in g 
p rograms , a mutual in formation app roach (MINFO) and an 
aggl ome rat ive s um o f  s quare s proce dure (MDI SP) , p e r fo rme d 
qui t e  adequate ly in a l l  te s t s . 
A t o t al o f  2 3  c l as s i fi cat ion s y s t ems were t e s te d  
us ing MI S and ME S s cal e s . Duncan ' s  new mul t ip l e  ran ge 
te s t  s howe d a gre at de al of  ove r l ap among me ans on the MES 
s c al e . I t  was  conclude d ,  there fore , that the c l as s i fi c a ­
t i ons  o f  t h e  Fentr e s s  County dat a we re not  r e ad i ly d i f ­
fe rent i ab l e  i n  t e rms o f  re spon s e  t o  the environment . 
The MI S s cale b a s e d  on 1 9  ove r s tory s p e c i e s  (MI S 1 g ) 
al s o  s howe d a fai r  amount o f  ove r l ap among me an s . As 
would b e  expected , the nume r i cal  c l as s i fi c at i on s  b as e d  on 
ove rs tory h ad h i gher  M I S  values than tho s e  b a s e d  on o th e r  
spec ie s o r  charact e r i s t i c s . The nume r i cal ove r s t o ry 
c l as s i ficat i on s , howeve r , al s o  outpe r forme d the s ub j e ct ive ly 
de r ive d c l as s i ficat i ons  b as e d  on ove r s tory . 
The M I S  s c ale der ive d  from the t op 5 0  indicator 
s pe c i e s  re gardl e s s o f  s tratum (MI S s o ) showed much s tron g e r  
di ffe rent i at i on o f  me ans than e i the r o f  the othe r two 
s cale s .  MI NFO c l as s i fi cat i ons  o f  ground cover , ove r s tory ­
p l us - s hrub s , s hrub s , and ove r s t o ry had the h i gh e s t  s core s 
on the MIS s o . 
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Be s id e s  g i ving s t ronger re s ult s , the Mr s 5 0  i s  the 
b e s t  per formance  s cale  of the three b e c aus e it  is b as e d  
on a t o t a l  s e t  o f  var i ab l e s  that i n  fact de fine ve get a ­
t i onal p at te rn s  but wh ich are re l at ive ly independent o f  
the var i ab l e s  us ed  in clus t e r in g .  The ME S var i ab le s , on 
the other hand , do n o t  de fine ve ge t at ional p at t e rn s  ( they 
de fine envi ronmental  pat te rns ) ;  wh i l e  the MI S 1 9  var i ab l e s  
are n o t  independent o f  c lus tering var i ab l e s . 
Structur a l - funct i onal and s t ructural - funct i ona l ­
ve ge t at ion a l  c l as s i fi cat ions  pe rformed poorly  on a l l  
s cal e s . Al though the c l as s i fi cat i on s  b a s e d  o n  envi ron ­
mental parame t e r s  ne ce s s ar i ly had h i gh s co re s  on the MES 
s cale , the value s we re  qui t e  l ow on both M I S  s cal e s . 
The s e  re s u l t s  s how that a c l as s i fi cat i on system 
bu i l t  on ove r s tory s p e c i e s  alone can b e  at  l e as t  as  
e ffic ient as  one  bui l t  on any o the r dat a b as e . Furthe r ­
more , a nume r i c a l  c l as s i ficat ion w i l l  p rovide a more 
e ff i c i ent s y s tem than w i l l  a s ubj e ct ive ly derive d  
c l as s i fi c at i on .  TVA , the re fore , can bui l d  a s at i s fact o ry 
ve get at ion c l as s i fi c at i on s cheme us ing fo re s t  invent ory 
data fi l e s  w ithout furthe r s upp l ementation . Be caus e MINFO , 
1n genera l , re s p onded s l i ghtly  more favorab ly than MDI SP , 
i t  i s  re commended that MINFO be  us e d  in future Val l ey -w i de 
c l as s i ficat i on mode l in g .  B r i e f  de s crip t i ons  and t ab l e s  o f  
the MINFO ove rs tory c l us t e r  typ e s  for the Fen t re s s  County 
dat a s e t  are p rovided  in Appendi c e s  A and B as an 
examp l e  o f  the re s ul ts  o f  the MINFO pro gram . 
Conclud in g  Remarks 
Two i s s ue s have ar i s en during this s tudy that 
de s e rve spe c i al ment ion . The f i rs t i s  the re l at i onship 
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o f  unde r s t o ry t o  ove rs t o ry . As Tab l e  1 1 , p age 1 0 0 , 
demons t rate s , e ach s t ratum c l as s i fi cat i on i s  re l at ive ly 
independent o f  e ve ry o th e r  s tratum c l as s i fi c a t i on .  The 
di ffe rent s t rat a re spond  to d i f fe rent o rde r s  o f  pattern ­
cont ro l l in g  fac t o rs . Cranda l l  ( 1 9 5 8 ) , fo r examp l e , found 
that in the Gre at Smoky Mount ains the ove r s t o ry responde d 
t o  macro cl imat i c  and macr o t opo graphi c  fe ature s wh i l e  the 
unders tory r e s p onded to microcl imat i c  and m i c ro topo graphi c  
fe ature s .  Wi t h in the sp ruce - fir  z one , the spruce - fi r  
ove rs tory type domin ated e s s ent i a l ly a l l  s it e s , wh i l e  at 
the leve l o f  t he shrub s  and gro und cove r the re was a 
s e r i e s  o f  s t rat al  typ e s  that could b e  e as i ly corre l at e d  
with t opo graphi c  var i ab l e s . Such d i f fe rent i al p at tern 
re sponse  i s  e v i dently al s o  occurrin g in Fentre s s  County . 
Within a given s tand having a re l at ive ly h omo gene ous 
overs tory , the re may be s eve ral s ubc ommun i t i e s  within 
e ach s t ratum ; and the s e  s ub commun i t i e s  may , furthe rmo re , 
ove r l ap w i th adj acent s t ands (Wh i t t ake r , 1 9 6 2 ) . 
There i s  al s o  a s i gn i ficant s amp l in g  p rob l em 
invo lved w i th re l at ing ground c ove r ve getat i on t o  ove r ­
s tory .  I f  the s amp l in g  p e r i od extends ove r a p e r i od o f  
weeks  ( as i t  did in the Fen t re s s  County s t udy) , the 
ground cove r unde rgoes  s e a s onal  change so that the 
s p e c i e s  pres ent at the b e ginn in g  o f  the s tudy may be  
qui t e  d i f fe rent from thos e at the end o f  the s tudy . 
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The l onger the s amp l ing p e r i o d , there fore , the weaker 
become the corre l at ions  be twe en s pe c ie s . Furthe rmore , 
even i f  s trong  r e lat i onships  be tween ove rs t ory and 
ground cove r could  b e  e s t ab l i she d ,  they would on ly b e  
val i d  for t h e  particu l ar s e a s on o f  s amp l ing ; a d i ffe rent 
s e as on would  produce a d i ffe rent s et o f  r e s u l t s . The 
p rob l ems , the re fo re , o f  attemp t ing  t o  b u i l d  mo de l s  that 
w i l l  predict  unders t ory ve ge t at i on typ e s  on the b as i s  o f  
ove rs to ry typ e s  are tremendous ; and i t  i s  que s t ionab l e  
i f  they a r e  even s oluble . 
The s e c ond maj o r  i s s ue o f  note  i s  the ut i l i ty o f  
the s tructur a l - fun c t i onal c l as s i fi c at i on s y s tem . Struc ­
tural - funct i onal c l as s i fi cat ions  have rece ived a gre at 
de al o f  int e re s t  in t r op i cal  cl imate s  whe re the spe c i e s  
mix i s  s o  ext reme ly c omp l ex that fl o r i s t i c  c l as s i fi cat i on 
i s  o ften o f  l it t l e  value . F l or i s t i c  c l as s i fica t i ons , on 
the othe r hand , have b e en h i gh ly succe s s ful in n o rth ­
tempe rate c l imate s  whe re the flo ra i s  r e l at ive ly dep au ­
p e rate . F l or i s t i c  c l as s i fi cat i ons  are a l s o  he avi ly us ed  
in  the  ve ge t at i onally more c omp l e x , mi dtempe rate l a t i tude s ; 
but one i s  o ften l e ft w i th the fe e l in g  that they do  not  
p e r fo rm as we l l  as  they mi gh t . I t  was int e re s t in g , 
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there fo re , t o  c omp are a s t ructural - funct ional  c l as s i fi c a ­
t i on with a fl ori s t i c  c l as s i fi cat i on us in g t h e  mid ­
temp e r ate  Fent re s s  County dat a  s e t . Whi l e  the s t ructural ­
funct i onal  approach de r i ve d  a system  that could be 
inte rpreted  e c o l o gical ly , it d i d  not p e r form nearly as 
we l l  a s  the fl or i s t i c  app ro ache s .  S t ructur al - funct ional  
s y s t ems may h ave a certain amount of  ut i l i t y  in mid­
temp e r ate  cl ima t i c  re gion s , but i t  i s  not  l ik e ly that 
they w i l l  s upp l ant the more t radi t i onal  fl o r i s t i c 
app ro ache s .  
Final ly , let  us return t o  a que s t i on r a i s e d  in the 
e arly part of t h i s  s tudy - - why c l as s i fy in the f i rs t 
p l ace ? At the mos t  fundamental  l e ve l  we c l as s i fy becau s e  
w e  h ave no  cho i ce ; i t  i s  imp o s s ib l e  to  d o  anything e l s e . 
We cannot talk  o r  even th ink wi thout c l as s i fy ing . Eve ry 
noun we u s e  i s  by de fin i t i on the name o f  a p e r s on , p l ace , 
o r  t h in g .  I t  i s  in e ffec t  a c l as s . C l as s i fi cat i on , thus , 
i s  a cons t ruct o f  the mind , as fundamental in many ways 
as  Kan t ' s  concepts  o f  t ime and s p ace  ( c f .  Gre ene , 1 9 5 7 ) . 
C l as s i ficat i on has ob j ect ive re al i ty t o o , h oweve r . 
Quantum me chan i c s , for e xamp l e , h as s hown that energy , 
the p arad i gm o f  pure flux , ope r at e s  in un i t s  o f  quanta or  
c l as s e s . C l as s i ficat ion , the re fore , i s  a funct i on of  
matter  as  we l l  as o f  mind . I t  has  phi l o s oph i c  val idity 
and i t  has ut i l i ty ; that is  a l l  that is  s i gn i ficant . 
Truth i s  n o t  an is s ue . 
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APPEND I CES  
APPENDI X  A 
FOREST TYPE S OF FENTRE S S  COUNTY DE FINE D  BY 
MINFO OVE RSTORY C LUSTE RS 
Tab l e s  1 2  and 1 3  ( App endix B )  g ive me an s cores  o f  
env i ronmen t a l  p arame t e r s  and quant i tat ive ve getat ional 
characte r i s t i c s  for e ach of the 12 MINFO overs t ory clus t e r  
type s . Twenty o f  the o r i g inal  env i r onment a l  var i ab le s  
we re found  to  have me an s  among  c lu s t e r  typ e s  that we re 
s i gn i fican t ly di fferent from one anothe r at the 5 percent 
s i gn i ficance l eve l (Tab l e  1 4 , Appendix B) . Two addi ­
t ional var i ab l e s  were only mar g inal ly not s i gn i ficant at 
the 5 percent leve l  and are , the re fore , inc luded in Tab l e  
1 2 . Whi l e  not a l l  o f  the quant i t a t ive ve ge t at ional  char ­
acte r i s t i c s  l is t e d  in Tab l e  1 3  we re s i gn i fi c ant  at the 
5 p e r c ent l e ve l  ( s ee Tab l e  1 5 , Append i x  B ) , al l are 
inc l ude d fo r comp arat ive purp o s e s  amon g var i ab l e s . 
Fre quency data o f  al l s p e c i e s  in a l l  s trat a , 
re gard l e s s  o f  ve getat ion type , are g i ven in App end ix  C .  
Cove Hardwoods Fore s t  Typ e  
S ixteen p l ots  ( 1 1 . 9  p ercen t )  are c l as s i fi e d  as 
cove hardwood fore s t  type . Tab l e  1 6  ( Appendix B)  shows 
the bre akdown o f  spe c i e s  data in e ach s tr atum .  Acer 
s ac ch arum , Fraxinus sp . , Que rcus rub r a , and Carya sp . are 
the maj or  ove r s tory domin an t  t axa . Cornus flor ida and 
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Acer s accharum dominate the reproduc t i on l aye r , Ace r  
s accharum i s  the mos t  important shrub l aye r s p e c i e s , and 
Parthenoc i s s us quinque fo l i a  i s  the mo s t  imp o r t ant  sp e c i e s  
i n  the ground c ove r .  Overs tory , s hrub , and ground cove r 
divers ity are r e l at ive ly h i gh wh i l e  reproduct i on dive rs i ty 
i s  l ow ( Tab l e  1 3 , Appendix B) . Reproduct i on b as al area  
and dens ity  are  a l s o  l ow ( Tab l e 1 3 ) . C ove hardwood 
fore s t s  are c on fine d for the mo s t  p art  to the val leys o f  
the h e avily  d i s s ected  we s te rn edge o f  the P l at e au . So i l s  
are sha l l ow ,  r ocky , s i l t  l o ams ove r l ime s t one ( Tab le 1 2 , 
Appendix B) . Or gan i c  mat t e r , mine ral c ontent , and pH are 
a l l  re l at ive l y  h i gh ( Tab l e  1 2 ) . 
Re d Map l e - B l ack Gum Fore s t  Type 
F ive p l o t s  ( 3 . 7 pe rcent) are c l as s ;. fie d  as re d 
map le - b l ack gum . Ace r  rub rum and Nys s a  �ylvat i c a  are the 
domin ant ove r s tory spe c i e s , wh i l e  C o rnus fl o rida and 
Oxydendrum arb o reum are the more imp o r t ant  reproduct i on 
spe c i e s  ( Tab l e  1 7 ,  Appendix B) . A numb e r  o f  s pe c i e s  share 
dominance in the shrub l aye r , wh i l e  gras s e s  are mos t  char­
act e r i s t ic s  of  the  ground cove r ( Tab l e  1 7 ) . The red map l e ­
b l ack gum s t ands are re l at ive ly open and � ave a l ar ge shrub 
p opul at ion (Tab l e 1 3 ) . For the mo s t  p art 7 the s e  are 
s t ands o f  re cent he avy d i s turb an ce . They occur at l ower  
e leva t i on s it e s  on mode rat e ly rocky , s andy l o am s o i l s  
( Tab l e  1 2 ) . 
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Ye l l ow Pop l ar Fore s t  Type 
N ine p l ot s  ( 6 . 7  p e rcent)  are c l as s i fi e d  as ye l l ow 
pop l ar .  L i r iodendron tul ip i fe ra dominates  the ove r s to ry 
and , a l on g  w i th C o rnus fl o r i da , i s  a maj o r  comp onent o f  
the rep roduc t i on l ayer ( Table  18 , Appendix B) . Cornus 
flo r i d a  i s  t h e  mo s t  important shrub l aye r s p e c i e s , whi l e  
L ap o r t e a  canadens i s  i s  mos t characte r i s t ics  o f  the ground 
c ove r ( T ab l e  1 8 ) . Ye l l ow p op l ar fore s t s  are confine d ,  for 
the mo s t  p ar t , to c ove s itua t i on s  of the Cumb e r l and E s c arp ­
ment (Tab l e  1 2 , Appendix B) . The s andy l o am s o i l s  are 
mode rat e ly ro cky ( l ime s t one ) , have h i gh pH and o rgan i c  
mat t e r  con tent , and are r ich in nut r i ent s ( T ab l e  1 2 ) . 
Che s tnut Oak F o re s t  Type 
Twe lve p lo t s  ( 8 . 9  p e rcent) are c l as s i fi e d  as che s t ­
nut oak . Que rcus p r inus i s  the maj or dominant  in b oth the 
ove r s t o ry and reproduct i on l ayers , al though Ace r  rub rum , 
Co rnus fl o r i da , and Carya s p . are al s o  imp o r t an t  rep ro duc ­
t i on t axa ( T ab l e  1 9 , Appendix B) . Nys s a  sylva t i c a  and 
Cornus fl o ri d a  are the shrub l ayer dominan t s , wh i l e  Cornus 
fl o r ida i s  the mos t imp o r t ant ground c ove r s p e c i e s  ( Tab l e  
1 9 ) . Ches tnut o ak fore s ts are the l arge s t  fore s t s  in 
t e rms o f  b as a l  are a inve s t i gat ed in the s tudy ( Tab l e  1 3 , 
Append i x  B ) . S t ands occur on the s teep , mode r at e ly ro cky , 
uppe r  s l op e s  o f  the Cumb e rl and P l at e au ( Tabl e  1 2 ) . The 
s andy l o am s o i l s  are mode r at e ly fe rt i le ( Tab l e  1 2 ) . 
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Heml ock - Hardwoods  Fore s t  Type 
Ten p l ot s  ( 7 . 4  pe rcent ) are c l as s i fi e d  as  heml o ck ­
hardwoods . Ts uga canaden s i s  and Que rcus p r inus are the 
dominant ove rs t o ry spe c ie s , Oxydendrum arb o reum and Ace r  
rubrum are mo s t  charact e ri s t i c  o f  the reproduct ion l aye r , 
and Kalmia l at i fo l i a  i s  the mo st  imp o r t ant s p e c i e s  in 
both the s hrub and ground c ove r s trat a ( T ab l e  2 0 , Append i x  
B) . Shrub and ground cove r divers ity are b o th l ow ( Tab l e  
1 3 , Append ix B ) . The s andy l o am s o i l s  have l ow pH and 
l ow nutr ient c ontent (Tab l e  1 2 , Appendix B ) . 
Oak - Short l e a f  P ine  Fore s t  Type 
Five p l ot s  ( 3 . 7  pe rcent) are c l as s i fi e d  as o ak ­
short l e a f  p ine . P inus e chinata and Que rcus p r inus are the 
chi e f  ove rs t o ry c omponents  ( Tab l e  2 1 , Appendi x  B) . Ace r  
rub rum i s  the maj o r  reproduct ion spe c ie s ; Nys s a  sylvat i c a , 
Ace r  rub rum , and Cornus fl o r ida charact e r i z e  the shrub 
l aye r , wh i l e  Vac c in ium vac i l l ans dominate s  the ground 
l aye r ( T ab l e  2 1 ) . Reproduct ion diver s ity , den s ity , and 
basal  are a  are p art i cularly h i gh in the o ak - short l e af p ine 
fore s t  type ( T ab l e  1 2 ) . The s e  fo re s t s  o ccur on s andy l o am 
p l ateau s o i l s  o f  l ow pH and l ow fe rt i l ity  ( Tab l e  1 2 ) . 
Whi t e  Oak - S c a r l e t  Oak Fore s t  Type 
N inet e en p l ot s  ( 1 4 . 1  percent) are c l as s i fi e d  as 
white  o ak - s c arl e t  oak . Que rcus alb a is by  far the mos t  
important spe c i e s  in the ove rstory and rep r o duct i on , wh i le 
1 2 6  
Cornus fl or ida and Nys s a  sylvat i ca dominate the shrub 
l aye r , and Vacc in ium vac i l l an s  i s  mos t  characte r i s t ic o f  
the ground cove r ( Tab le  2 2 , Appendix B ) . Ground cove r , 
howeve r , i s  generally spars e ( Tab l e  1 3 , Appendix B) . 
Whi t e  o ak - s c ar l e t  oak s tan ds are found on re l at ive ly l eve l 
p l at e au s it e s  with l ow nut r i ent , ac i d  s o i l s  ( Tab le  12 , 
Appendix B)  . 
Scarl e t  Oak Fore s t  Type 
Four t e en p l ots  ( 10 . 4  pe rcent)  are c l as s i fi e d  as  
s c ar l e t  oak . Que rcus coccinea is  the dominant  ove r s t o ry 
spe c i e s  with Quer cus alb a b e ing  next in importance 
( Tab le  2 3 , App endix  B) . Q .  alba is  the mos t  important 
reproduct i on spe c i e s , Nys s a  s yl vat i c a  and Ace r  rub rum 
dominate the shrub s t ratum , and Vac c in ium vac i l l ans  i s  
mo s t  charac t e r i s t i c  o f  the ground c ove r (Tab l e  2 3 ) . The 
s andy l o am s o i l s  are deep , free o f  rock , and nut r i ent 
poor ( Tab l e  1 2 ) . Scar l e t  o ak s t ands are typ ical ly found 
on h i gh ,  l eve l p l at e au s it e s  that are nutri t i on al ly inte r ­
me d i ate  b e tween the r i ch e r  whi t e  o ak - s carlet  oak s t ands 
and the poore r p o s t  o ak - short l e af p ine s t ands . 
Whi t e  Oak - Hickory Fo re s t  Type 
Twe l ve p l o t s  ( 8 . 9  pe rcen t )  are c l as s i fi e d  as wh i t e  
oak -h i ckory . Que rcus a l b a  and Carya sp . are the ove rs tory 
dominants ,  Q. alb a i s  the mos t  imp o r t ant  reproduct i on 
spe c ie s , and Cornus fl o r i da is  the mos t  important shrub 
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l aye r spec i e s  ( Tab le  2 4 , App endix B ) . A bro ad dive rs ity 
of gro und cove r spe c i e s  is  charac t e r i s t ic (Tab l e  1 3 , Ap ­
p endix  B) . Whi t e  o ak - h ickory s tands o ccur at all  
e l eva t i ons on  moderat e ly dry , mode rate ly rocky , s andy 
l o am s o i l s  ( T ab l e  1 2 , Appendi x  B ) . So i l  s i t e s  in gene ral 
are fe rt i l e . 
Short l e a f  P ine Fore s t  Typ e  
Fourte en p l ot s  ( 1 0 . 4  pe rcen t )  are c l as s i fi e d  as 
s hort l e a f  p ine . P inus e ch inata  is by far the mos t  
imp o r t ant ove r s t o ry spe c i e s  but i s  not par t i cul arly 
dominant  in any of the unde rs t o ry l ayers  ( Tab le  2 5 , 
Appendix B) . Que rcus alb a i s  the mos t  s i gn i fi c ant rep ro ­
duct i on s pe c ie s , whi l e  Ace r  rub rum i s  mo s t  important in 
the shrub l aye r . Vac c i n i um vac i l l an s  is the domin ant 
ground  cove r s p e c i e s . Short l e a f  p ine  s t ands occur on 
l eve l up l and s it e s  w i th deep , r o ck - fre e , in fe r t i l e  s andy 
l o am s o i l s  ( T ab l e  12 ) . 
Vir g in i a  P ine Fore s t  Type 
Th irteen p lo t s  ( 9 . 6 ·p ercent)  are c l as s i fi e d  as 
Vir gin i a  p ine . P inus v i r gin iana  dominat e s  b o th the 
ove r s t o ry and reproduc t i on s t r at a ; wh i l e  Ace r  rub rum , 
C o rnus fl orida , and Kalm i a  l at i fo l i a  are mos t  common in 
the s hrub l aye r ; and s eve ral  gras s s pe c ie s , Gau l theria  
procumb ens , and Gaylus s ac i a  brachy c e r a , are  mos t  important 
in the ground c over ( Tab l e  2 6 , Appendix B)  . Vi rgin i a  p i  .. e 
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s t ands o ccur on s l op ing , up l and s it e s  havin g nut r i t ion ­
p o o r , s andy l o am s o i l s  ( Tab l e  1 2 , Appendix B) . The se  
s t ands have the h i ghe s t  dens ity  of  ove rs tory and ground 
cove r  spe c i e s , wh i l e  ove rs t o ry and rep roduct ion divers i ty 
are the l owe s t  o f  al l fo res t  typ e s  ( Tab l e  1 3 , Appendix B ) . 
P o s t  Oak - Sh o r t l e a f  P ine Fore s t  Type 
S ix p l ot s  ( 4 . 4  p e r cent)  are ident i fied  as p o s t  
o ak - s h o r tl e af p ine . Quercus s t e l l at a  and P inus ech inata 
are the  charac t er i s t ic ove r s tory s p e c i e s , Oxydendrum 
arb o reum i s  the mos t  imp o r t ant reproduc t i on s p e c i e s , 
Nys s a  s y lvat i c a  dominat e s  the  s hrub s t r atum , and 
Vac c i n i um vac i l l ans  is  the  ground cove r domin ant (Tab l e  
2 7 , Appendix B ) . Pos t o ak - short l e af p ine  s t ands o ccur on 
in fe rt i l e , up l and flats , s andy l o am s o i l s  ( T : ;b l e  1 2 ) . 
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0 , 29 
0 . 30 
0,64 






0 . 4 8  
0 . 37 
1 . 1 3  
O • .:il 0,90 0,2% 1 . 16 
IZ 0 , 14 76 o . u  
46 0.48 76 0 . 24 
Ht-11\lock· 
Ole!tnut Oak Hardwt ·x!s --J:--c� --r--c.v:-
15,6 
15.6 
1 8 . 1  
57. 5 
3 3 . 3  
9 .2 
4 , 6  







1 . 8  




0. 51 18.8 
0.51 18,8 
1 . 28 ll .4 
0.29 61 . 3  
0.44 29. 3 
0 ,45 9 . 4  
C . I Z  4 . 1  





0 , 4 4  3 1  
0 . 13 1 ,556 
0 , 56 2 .2 
1.01 1.0 
0,52 32 . 5  
1.02 226 
o. 76 104 
0.53 
0.53 
1 . 64 
0 . 27 




0, · 7  
1.03 
0 . 39 
0.16 
0 . 37 
0.09 
0,42 
! . 33 
0.58 
o. 77 
1 . 11 
0,63 0 . 44 o.ss o . ao 
77 0 , 15 78 0 . 16 




15.% 0 . 14 
15.2 0 .84 
9 .6 1 . 81 
53.0 0 , 42 
38 . 4  0 , 52 
1 . 6  0 , 30 
4 . 2  0 .08 
39 0.29 
20 0.52 
240 1 . 19 
230 0 . 45 
93 0 , 19 
35 0 . 4 8  
1 ,608 o.os 
1.1 0 , 25 
0 , 2  2 . 23 
1 1 ,6 1 . 2 1  
165 1 .22 
185 o. 75 
0,59 0.44 
91 0 . 15 
63 0 . 50 
Mlito oak· 
Scarlet Oak r c.v. 
%1.3 0.48 
20.6 0.�6 
3.4 2 .63 
60.1 0 . 26 
29.9 0,44 
9.2 o.cz 
4 . 2 0 , 06 
4 1  0 . 2 3  
25 0.41 
233 1 .66 
305 0,47 
91 0,24 
33 0 . :111 
1,587 0.09 
1 .9 0.25 
0 . 7  1 .49 
1 1 . 4  0 . 78 
218 0 . 73 
143 1 .24 
0,33 o .  98 
88 0 . 1! 
64 0 , 37 
!ft\lu Ool<· 
Scarlet 0o1t �2.!1- Shortteof Pine Ylrtlnla rlne 
r 
2 6 . 1  
2 5 . 6  
0 , 6  
54 . 4  
35.6 
9.9 








1 . 9  





0 . 38 18.0 
0 , 3ci 18.0 
1 . 32 1 8 . 3  
0 . 2 1  5 6 . 5  
0 , 26 53.6 
o.za 10 . 2 
0,04 5 . 0  
o.n 44 
0 , 31 31 
1 . 14 1,593 
0 , 52 5H 
0 . 17 146 
0 , 39 35 
0 . 06 1,440 
0 . 14 2 . 3  
2 .04 1 . 4  
0 . 75 2 4 . 0  
0.97 379 
o .  75 290 
0 . 5 7  0 . 44 0,44 
97 0.05 8Z 








0 . 14 
o.u 
0 . 4 7  
1 . 87 
0.70 
0.53 
0 , 50 
O . IS 
0 , 34 
1 . 10 
0 . 49 
0.�8 
1 . 04 
0. 71 
0 . 11 
0 . 45 
J: c.v. 'f c.v. 
2 5 . 4  o. n 19.1  0.64 
25.4 0 , 31 1 7 . 1  0 , 6 2  
1 . 4  1 . 19 2 , 0  1 .04 
6 7 , 7  0.21 62. 2  0.21  
24.6 0,46 27.9  0 . 4 0  
7 .6 0,46 9 . 1  0 . 54  
4 . 3  o.os 4.  3 0.08 
36 O.lf) 41 O.l$ 
22 0.41 ll O . Sl 
2!4 1.11 25� 1 . 32 
236 0 . 7 1  250 0 . 58 
107 o.o 100 0 . 2, 
33 O.S2 �' 0 . 41 
1,614 0 . 08 l,5ll 0.0� 
2 . 1  0 . 1 3  ! . I  0 . 25 
0 . 6  1 . 44 ! .6 0 . 89 
7 . 9  C .7l 19.9 0 .91 
188 ! . lO 246 o. i] 
221 o. 70 217 0.62 
0,56 0 . � 1  0 . 41 0. 50 
95 0.07 15 0 . 1 5  
62 O.lZ 49 0 . 5 7  
Post O&k· 
9\art h: If N�• • --r--c:v. 
2 4 . 5  o . n  
2 l . S  O.lS 
0 . 7  l . U  
6 5 . &  0. 20 
zs. 7 {\ ,U 
1 . 5  G,S\ 
4 . 3  o.os 
37 O . B  
26 c . u  
158 0 . 74 
2•� n.so 
!l �. 1'1 
ll O . H  
1,�05 0 .07 
2 . 0  o.no 
o .o o. r.u 
1 1 . 1 0.69 
150 0 . 84 
179 1 .03 
o. S1 0. 71 
17 0 . 50 
34 o.�! 
Tlllle U. ""• (!) 1114 -rflc1eat er varlatlaol (C,Y,) or 11 .,..utatl.,. .,.,.tat� charoctll1'!.sttct Ill �..., ot 1Z l'llntress C.....ey fo!est wputicln t)I!Mit. '111e U fofttt typoo .,..,. llaft....S lip a )f!HIO cluuar -t)'lh or .,..nt�ry data, 
�t!tatlve \'e&ttotlanAl 
0\1ncteri sties 
Oventory ba .. t area (ft2/acre) 
Ovon tory density (st..-.s/acro) 
ReproJuct lon basal ore a ( ftZ/acro) 
Repr<>Juction dens &ty (st<IIIS/a<:re) 
SIIN> �asa1 area ( {t2/acre) 
$l1nb Gcns1ty (StCN/GCte) 
Shnb pen:tnt co\ot:r 
CrcmJ c.over pcn:ent cover 
0\·�n.tory din�·rsity 
0\•e r�tory C\'�nncss 
S'.rproJ�.�r.:tion f.l i verslty 
�?roJu,;t ioo evenness 
Shrub .. h\'ersl.ty 
Shnlb C'WMUS 
Cf'OU'IJ cow:r dh-ers1ty 
CroLnd cover CVC'MCSI 








1 1 . 7  
0.20 59.5 
o.28 11 0 ,44 25.6 
0 . 4 7  760 
0,40 !S.1 
0 . 37 4 ,050 
O.S3 S0.6 
0 . 39 12 . 6  
1 . 75 0 . 16 1 . 15 
0.83 0,09 0 . 88 
1.71 0 . 23 2.03 
0 . 85 0.08 0 .88 
2 . 47 O.ll 1 . 32 
0 . 70 0 . 14 0 .72 3 .07 0 . 11 2 . 74 
0 .73 O.ll o.a 
0 ,94 61 . 0  0,57 
0.80 141 0 . 35 
0 . 56 15, 7  0,49 
O.Sl 953 0,45 
o.u 8 .1 0 . 39 
D.lS 2 ,390 0 . 37 
D . S 3  2 8 .4 0.50 
0.6l 20.9 0.97 
0.50 1 .1 7  0 . 34 
0 . 14 0 . 82 o. 14 
O . l!i 1 .9 8  0 . 19 
0.05 0.81 0.10 
0 . 24 2 . 39 0 . 12 
0.10 0 .65 0 . 17 
0 . 1 6  l.08 0 . 1 1  
0 . 14 0 . 71 o . u  
,...,leek· 
Oleswrt Ook 1tar�s 
r c.v. X �-.v: 
94 , 9  0 , 3! 78. 7  0 . 38 
168 0,48 1�6 0 .41 
2 2 . 5  0 . 4 9  2 5 . 4  0 . 37 
tSZ 0 . 4 4  690 c 46 
7 .  7 0 . 4 0  7 .6 0.31 
Z ,7SO 0 . 42 3,040 0 . �8 
2l • •  7 0 . 5 1  J3. 7 c .  7l 
!4 . 1 Q .68 1 4 . 1 � .  78 
1 .27 0 . 3� 1 . 4 5  0 . 25 
o. 75 0 . 15 0. 86 o . n  
1 .76 0 . 15 1 . 8! 0 . 1 6  
0,84 0 . 1 1  0 . 83 0.07 
2 . 35 0 . 07 2 . 06 0 . 2 1  
0 , 71 0 . 13 0.65 0 . 16 
z .92 0 . 14 2 .50 G , Z7 
0 . 71 0 . 17 0 . 12 b . 1 7  
Oak· �hit" Oak· 
S!tOTtleaf Pine Scarlet Oak Scarlet Oak --:r-c.v. ---z- c. v. r c.v. 
58 . 9  o.so 63 . 4  0 . 35 5 1 . 1  0 ,46 1 12 D . ll 161 D . ll 116 0 . 34 
39 , 7  0.20 1 4 . 5  0.33 27.6 0,31 
1 ,620 0 . 2 5  1 ,040 0 . �11 1 ,160 0 , 4 1  
7 . 8  0 . 5 1  8 . 3  O . l, 7 . 5  0.40 2 ,960 0 . 28 3,064 O . Sl 2,470 0 . �1 
J5.e 0.44 J2 . 8  0 . 50 3! . 4  0 . 52 
13. 8 0 .92 10,6 0.44 12 . 2  0,43 
1 . 16 0 . 20 1.2� 0 .2� l . ZO O . ll 
0,110 0.09 0 ,8 1  0 . 11 0.83  o . n  
2 .08 o.oe 1 . 78 0 , 10 1 . 74 0,22 0 , 81 0 ,11 0 . 8 2  0 . 10 0 . 8 1  0 . 09 2 . 2! o . n  2 .20 D . IJ 2 .02 0 .22 
0 . 74 0 , 08 0 . 70 O , ll o. 7! 0 . 13 
2 .61 o.zo 2 . 86 0 .08 z . as 0 .09 0 ,  70 0 . 16 0 . 74 0 .06 0 . 71 0 . 10 
llllit� Oak· 
--'-'�- Sllorttea( rJ,., 
I c.v. f c.v. 
! 8 .4 0 . 39 5 8 . 2  0 . 5 4  
142 0.45 11'1 0 . �0 
2 7 . 5  0 . 2 8  l l .  7 0 . 32 
913 0.-15 1, 340 0 . 36 
7. !:  �. 44  � . 0  0.41  
2 ,�90 0 . 19 Z ,9o0 O.JZ 25 .8  0 . 34 2 7 . 1  0 . 4 3  
1 8 . 1  0 . 57 1 7 . �  0 . 81 
1 , 19 0 . 13 0 . 86 0 . 46 
0 , 71 0 . 1 6  0.�1 O . J5 
1 . 84 o . zo 1 . 83 O . l l  
0 ,  7 7  O . ll 0. 78 0 . 10 
2 . 26 o . n  1 . 25 0 . ! 1  
o .  7 1  0.09 o.  7( 0 .09 
3 . 11 0 , 10 1 . 92 0 . 09 
o. 7l 0 . 11 0.11 0 . 10 
Pun �k-�� �ortl!!!..�lno 
X c.v. X t.v. 
M . 7  0 . 37 
193 0,49 
16. 1  0 . 36 
S!il 0 . 3Z 
1 . 4  0 . • 1  
.1,153 0 . 5 1  
14 . 1  0 , 4 1  
21.1  0,64 
0.61 0 .87 
0 . 5 3  0,6} 
1 . 67 0 . 2 1  
0 . 74 0 , 16 
2 . 18 0 . 1 1  
D.6S D. l l  
2 . 84 0 . 1 4  
0 .65 0 . 19 
-
b2 .9 0.. 16 J�') c. 7� 
27 . S  0. 2� 
9tt? o.�l 
ft . S  c . ;! 1  
J,HJ il . <1 
�8. 7 0, l� 
1 9 . 7  0 .  7 ]  
1 . 1 8 '  0 . 16 
0 ,  7S 
1 . &6 
0 . 8 1  
Z . ll 
G. 71 
2 . n  
0 . 65 
o . u  
o . 1n 








Tab l e  1 4 . F t e s t  resul t s  show ing the p rob ab i l it y  o f  
encounte ring h i ghe r F valu e s  on chance a l one 
amon g me an envi ronmental  p arame t e r  value s for 
1 2  MINFO ove r s t ory clus t e rs . 
1 3 1  
Envi ronment al Paramet e r  Prob ab il i t y  o f  H i gh e r  F 
Depth t o  C h or i z on 
Root ing depth 
S t one vo lume 
Pe rcent s and 
Percent s i l t  
Pe rcent c l ay 
S o i l  pH 
O r gan i c  mat t e r  
Ava i l ab le phospho rus 
Exchan ge ab l e  c a l c ium 
Exchan ge ab l e  magn e s ium 
Exchan ge ab l e  p o t as s ium 
Exchan ge ab l e  s od i um 
E l evat i on 
Aspect  
Top o gr aphi c  s it e  
Dra in a ge orde r 
S l op e  an gl e 
Acro s s  s l op e  s h ape  
Down s l ope s h ap e  
D i s t ance t o  t o p  o f  s l ope  
D i s t ance to  b ot t om o f  s l ope  
Re l at ive s l op e  p o s i t i on 
Pe rcent o f  s ky v i s ib l e  t o  p l o t  
Can opy cove r 
F i re evidence 
Graz in g evidence 
. 0 0 0 5  
. 0 0 0 4  
. 0 0 0 1  
. 0 0 3 5  
. 0 1 3 5  
. 0 2 0 6  
. 0 0 0 1  
. 0 0 0 1  
. 0 0 0 1  
. 0 0 0 1  
. 0 0 0 1  
. 0 0 0 1  
. 0 2 0 0  
. 0 0 0 1  
. 7 2 0 0  
. 0 0 2 6  
. 0 5 9 7  
. 0 0 0 1  
. 7 8 35 
. 1 4 7 9 
. 0 0 0 1  
. 0 0 2 2  
. 0 0 3 7 
. 0 0 0 1  
. 0 5 8 4  
. 6 3 7 2  
. 6 7 4 6  
1 3 2  
Tab l e  1 5 . F t e s t  re s u l t s  showing the prob ab i l ity  o f  
encoun t e r ing  h i gher  F value s on chance alone 
among me an quant i t at ive ve get at i on a l  
charac t e r i s t ic s  value s fo r 1 2  MIN FO overs tory 
c l u s t e r s . 
Quant it at ive Ve ge t at ional 
Char acte r i s t ics  
Ove r s t ory b as al area 
Ove r s t o ry dens i t y  
Reproduc t i on b as al are a  
Rep roduct i on den s i ty 
Shrub b a s al are a 
Shrub den s ity  
Shrub pe rcent cover 
Ground c ove r p e r cent cove r 
Overs t o ry dive rs it y  
Ove r s t o ry e venn e s s  
Reproduct i on d i ve r s ity 
Reproduct i on e venne s s  
Shrub dive rs i t y  
Shrub evenne s s  
Ground  cove r d i vers ity  
Ground cover e venne s s  
Prob ab i l ity o f  H i gher F 
. 0 0 7 8 
. 0 2 7 1 
. 0 0 5 4  
. 0 0 0 1  
. 1 1 6 3  
. 3 1 2 2  
. 1 8 9 5  
. 0 1 4 6  
. 0 0 0 1  
. 0 0 0 1  
. 34 0 8  
. 0 14 5  
. 0 2 0 2  
. 3 7 9 7  
. 0 0 6 5  
. 3 7 6 6  
/ 
1 3 3  
Tab l e  1 6 . Me an importance value ( IV) , c ons t ancy ( C) , 
fide l i ty ( F) , and indicator  value ( I )  o f  al l 
ove r s t ory , reproduct i on ,  s hrub l aye r , and 
ground cove r s pe c i e s  having  min imum I V  o f  1 . 0  
in the cove hardwoo d  fore s t  t ype . Spec i e s  are 
arran ged  according to IV w i t h in e ach s tratum . 
Spe c i e s  
Ove rs t o ry 
Ace r  s accharum 
F'TaXinus s p . 
Que rcus rub ra 
Carya sp . 
Que rcus muehlenb e rg i i  
L1r1odendron tul 1p1fera 
Que rcus alba 
Fagus granaffo l i a  
Nys s a  s yl vat 1 c a  
Oxydendrum arb o reum 
Que rcus ve l ut 1na 
Reproduc t i on 
Cornus fl o rida  
Ace r  s accharum 
caTya sp . 
Os t rya v i r g in i ana  
Ce rc 1 s  c anaden s 1 s  
Frax1nus penn sylvan i c a  
Jun 1p e rus  v 1 r g 1n 1 ana 
Frax 1nus amer 1 cana 
Que rcus rub ra 
Sas s afras  alb i dum 
T1l 1a  sp . 
Ulmus rub r a  
Nys s a  sylvat i c a  
Fagus grand1fol i a  
Ulmus alata 
L1r1odendron tul ip i fe r a  
Shrub l aye r 
Ace r  s ac charum 
'C"'"T'lus flo r 1da 
Frax1nus ame r 1 c ana 
Ulmus rub ra 
Cerc 1 s  c anaden s i s  
Frax1nus pennsylvan i c a  
I V  
1 9 . 2  
1 1 . 3  
10 . 6  
1 0 . 1  
7 . 4  
4 . 3  
4 . 1  
3 . 3  
2 . 3  
2 . 3  
2 . 0  
16 . 3  
1 5 . 8  
1 0 . 4  
7 . 6  
6 . 8  
6 . 2  
3 . 9  
3 . 3 
2 . 6 
2 . 6  
2 .  2 
2 . 1 
1 . 9  
1 . 8  
1 . 5  
1 . 4  
1 2 . 8  
9 . 1  
7 . 2  
6 . 1  
6 . 1  
5 . 8 
c 
• 7 5 
. 6 9 
. 5 6 
. 8 1 
. 44 
. 3 8 




. 2 5 
. 5 6 
. 7 5 
. 6 9 
. 5 0 
. 6 3 
. 5 6 
. 1 9 
. 3 1 
. 2 5 
. 1 3 
. 2 5 
. 3 8 
. 19  
. 1 9 
. 2 5 
. 1 9 
1 . 0 0 
1 . 0 0 
. 8 1 
. 7 5  
• 75  
. 9 4 
F 
. 7 1 
. 7 3 
. 39  
. 2 2 
. 7 8 
. 2 2 
. 1 1 
. 5 6 
. 1 1 
. 1 6 
. 0 9 
. 0 8 
. 4 1 
. 1 3 
. 7 3 
. 5 3 
. 5 3 
• 2 7 
• 6 3 
. 3 1 
. 0 7 
. 4 0 
. s o 
. O S 
. 3 8 
. s o 
. 1 2 
. 4 2 
. 1 3 
. 5 9 
. 6 0 
. 4 0 
. 4 4 
I 
. 5 3 
. s o 
. 2 2 
. 1 8 
. 34 
. 0 8 
. O S  
. 1 7 
. 0 2 
. 0 3 
. 0 2 
. O S 
. 3 1 
. 0 9 
. 36 
. 3 3 
. 30  
. O S 
. 2 0 
. 0 8 
. 0 1 
. 10 
. 1 9 
. 0 1 
• 0 7 
. 1 3 
. 0 2 
. 4 2 
. 1 3 
. 4 8 
. 4 5 
. 3 0 
. 4 1 
Tab l e  16 . ( con t inued) 
Spe c i e s  
O s t rya virgin i an a  
sp . Carla 
Fagus grandi fo l i a 
Ulmus al at a 
V1 t 1 S  ae s t 1va l i s  
Ace r  ruorum 
Jun 1pe rus virgin i an a  
Nys s a  sylvat 1 c a  
Euonymus ame r 1c anus 
As im1n a t r ilooa 
L1nde ra 6en z o 1n 
Carp 1nus carol1n i an a  
IUiamnus c arol1n 1 an a  
Cary a cord1fo rm 1 s  
Que rcus ru6ra 
Ground cove r 
P arthenoc i s sus  quinque fo l i a  
Rhus radic an s  
Corn us flo r1aa 
Cerc 1 s  can aden s i s  
Os t rya v1rg1n 1 an a  
Viola s p . 
Ace r  s ac charum 
UiiiiUs ru5ra 
An 1 s o s t 1cnus cap re o l at a  
Gal 1um c 1 rcae z an s  
Sm1Iax gl auca 
c arol in i ana  Rhamnus 
Dio s co re a  v1llos a 
Car ex sp . 
Sol 1dago s p . 





c anaaen s  i s  
pennsylvan i ca  
ame r 1 c anus 
s p . 
Poiys t 1chum acro s t i ch o i de s  
Poaceae 
Smi l ax b ona -nox 
Nrs s a  sylvat ica 
1 34 
IV  c F I 
5 . 6  . s o . 5 7  . 2 9 
4 . 1 . 8 8 . 1 3 . 1 1 
4 . 0  . 3 1 . 36 . 1 1 
3 . 0  . 6 3 . 3 7 . 2 3 
2 . 9  . s o . 2 4 . 1 2 
2 . 7  . 3 8 . 0 6 . 0 2 
2 . 6  . 5 6 . 36  . 2 0 
2 . 6  . 4 4 . 0 6 . 0 3 
2 . 2  . s o . 2 9 . 1 4 
1 . 9  . 31 . s o . 1 6 
1 . 9  . 31 . 4 5 . 14 
1 . 8  . 3 8 . 4 0 . 1 5 
1 . 6  . 38 . 46 . 1 7 
1 . 1  . 44 . 4 4 . 19 
1 . 0  . 3 1 . 2 4 . 0 7  
8 . 4  . 9 4 . 30 . 2 8 
4 . 7 . 8 8 . 3 5 . 31 
4 . 0 . 6 9  . - 1 1  . 0 8 
3 . 7 . 8 1  . s o . 4 1 
3 . 3  . 6 3 . 7 1 . 4 5 
3 . 3  . 6 3 . 1 8 . 1 1 
3 . 2  . 8 1 . 4 6 . 3 8  
3 . 1 . 8 1  . 6 2 . s o 
3 . 1  . 8 1 . 5 4 . 4 4 
2 . 8  . 7 5 . 2 9 . 2 2 
2 .  0 . s o . 0 7 . 0 3 
1 . 8  . s o . 8 9 . 4 4 
1 . 8  . 4 4 . 3 7 . 1 6 
1 . 8  . 5 6 . 2 6 . 1 4 
1 . 7  . s o . 1 6 . 0 8 
1 . 7 . 4 4 . 14 . 0 6 
1 . 6  . 6 3 . 5 3 . 3 3 
1 . S  . s o . 7 2  . 36  
1 . 4  . 44 . 1 8 . 0 8 
1 . 4  . s o . 0 8 . 0 4 
1 . 3  . 3 8 . 1 8 . 0 7 
1 . 1  . 38 . 0 6 . 0 2 
1 . 0  . 6 3  . 7 1 . 4 5 
1 . 0  . 2 5  . 0 4 . 0 1  
1 3 S  
Tab l e  1 7 . Me an imp ortance value ( IV) , c ons t ancy ( C ) , 
fide l it y  ( F) , and ind i c a t o r  value ( I )  o f  al l 
ove r s t o ry , reproduct i on , s hrub l aye r , and 
ground c ove r s pe c i e s  h avin g minimum IV  o f  1 . 0  
in the red map le -b l ack gum fore s t  type . 
Spe c i e s  are arran ged  according t o  IV within 
e ach s t ratum . 
Spe c i e s  
Overs  t ory 
Ace r rub rum 
Nys s a  sylvat i c a  
Que rcus ve lut 1na 
I: 1 r 1odendron t ui ip i fe r a  
Que rcus p r1nus 
Q .  rubra 
"Q. muenl enbe r g i i  
Ace r  s accharum 
Rep roduct ion 
Cornus fl o r i da 
Oxydendrum arbo reum 
Quercus p rinus 
Nys s a  s yivat 1 c a  
I:1r1 odendron tul ip i fe r a  
Ace r  s accharum 
Ace r  rubrum 
Que rcus alba 
Q.  ve 1 ut 'I1i'a 
P"inus v1rg1n i an a  
Tsuga canadens 1 s  
Magn o l ia macrophy l l a  
Cary a sp . 
Que rcus cocc ine a 
Q . s t e l l at a  �· rubra  
un 1Ee rus virg1n 1 an a  
Sas s afras alb 1dum 
Shrub l ayer 
Ace r  s accharum 
C o rn us florida 
Nys s a  sylvat 1ca  
Rhododendron maximum 
Que rcus p r 1nus 
Cary a sp . 
I V  c F I 
3 2 . 0  . 8 0 . 1 4 . 1 1 
2 8 . 2  . 8 0 . 1 4 . 1 1 
1 2 . 6  . 4 0 . O S  . 0 2 
1 0 . 4  . 6 0 . 0 8 . O S 
s . s  . 4 0 . 0 6 . 0 2 
2 . 7  . 2 0 . 0 4 . 0 1 
1 . 9  . 2 0 . 1 1 . 0 2 
1 . 1  . 2 0 . 0 6 . 0 1  
1 3 . 3  1 . 0 0 . O S . O S 
1 1 . 0  . 8 0 . 0 .4 . 0 3 
8 . 2 . 6 0 . 0 7 . 0 4 
8 . 1  . 6 0 . O S . 0 3 
7 . 0  . 2 0 . 0 4 . 0 1 
6 . 2  . 6 0 . 1 0 . 0 6 
6 . 0  . 6 0 . 0 4 . 0 2 
S . 6 . 8 0 . O S . 0 4  
s . s  . 6 0 . 0 4 . 0 3 
4 . 0  . 2 0 . 0 3 . 0 1 
3 . 4  . 2 0 . 1 3 . 0 3 
2 . 6  . 2 0 . 1 4 . 0 3 
2 . 6 . 6 0 . 0 4 . 0 2 
2 .  3 . 4 0  . O S . 0 2 
1 . 6  . 2 0 . O S . 0 1 
1 . 4  . 2 0 . 0 8 . 0 2 
1 . 0  . 2 0 . 0 9 . 0 2 
1 . 0  . 2 0 . 0 4 . 0 1 
9 . 0  . 6 0 . 0 8 . O S  
8 . 1  . 8 0 . 0 3 . 0 3 
7 . 8  • 8 � )  . 0 4 . 0 3 
7 . 1  • 2 '. } . 14 . 0 3 
6 . 8 . t J . 0 8 . O S 
6 . 4  . H O . 0 4 . 0 3 
Tab l e  1 7 . ( cont inued) 
Spe c i e s  
Ace r  rub rum 
Kafffii a  l at 1 fo l i a  
Oxydendrum arboreum 
Que rcus c o c c 1ne a §· alba 
. VeiUt ina 
Vit 1 s  ae s t 1val i s  
Sas s afras alb1dum 
L 1 r 1odendron tul 1pi fe ra 
Cerc is  canadens is  
P1nus v1rg1n 1 an a  
V1burnum ace r 1 fo l ium 
Ground cove r 
Po ace ae 
Cornus fl o r i d a  
Sm1lax gl auc a  
Pan 1 c um s p . 
Parthenoc i s s us quinque fol i a  
Que r cus  p r1nus 
Rubus argutus 
Que rcus alba 
Carex sp . 
De smodium nud i fl orum 
V1t 1 s  ae s t 1val 1 s  
Ace r  rubrum 
'SOITdago s p . 
Sas s afras alb i dum 
Ny s s a  sylvat 1 c a  
Carla s p . 
Gal 1 um c ircae z an s  
Poly s t i chum acros t i cho i de s  
Rhus rad1can s  
Lrrfodendron tu1 ip i fe r a  
Sm1 1 ax rotundifolia 
Prunus s e ro t 1na  
Po ten t illa can adens i s  
Oxydendrum arbo reum 
Viola  sp . 
Euonymus ame r i c anus 
Vacc 1n 1um vac 1llans 
IV  
s .  7 
4 . 6 
4 . 0  
3 . 8  
3 . 1  
2 . 9 
2 . 8  
2 . 7  
2 .  s 
2 . 0 
1 . 2  
1 . 1  
8 . 1 
s .  4 
4 . 8  
4 . S  
4 . 4  
3 . S  
3 . 4  
2 .  s 
2 .  s 
2 . 3  
2 . 2 
2 . 1 
2 . 1  
2 . 0  
2 . 0 
1 . 9  
1 . 7  
1 . 6  
l . S  
1 . 4  
1 . 4 
1 . 3  
1 . 2  
1 . 2  
1 . 2  
1 . 0  
1 . 0  
c 
. 40 
. 4 0 
. 6 0 
. 8 0 
. 4 0 
. 4 0 
. 4 0 
. 6 0 
. 6 0 
. 6 0 
. 2 0 
. 4 0 
. 6 0  
. 8 0 
. 8 0 
. 8 0 
. 6 0 
. 4 0 
. 6 0 
. 6 0 
. 4 0 
. 6 0 
. 4 0 
. 4 0 
. 4 0 
. 8 0 
. 4 0 
. 6 0 
. 6 0 
. 4 0 
. 4 0 
. 4 0 
. 40 
. 4 0 
. 40 
. 2 0 
. 4 0 
. 4 0  
. 40 
F 
. 0 2 
. 0 6 
. 0 4 
. 0 8 
. 0 2 
. 0 3 
. 0 6 
. 0 4 
. 0 8 
. 1 0 
. O S 
. 0 8 
. 0 3 
. 0 4 
. 0 3 
. 0 4 
. 0 6 
. 0 7 
. 1 8 
. 0 4 
. 0 6 
. O S 
. 0 4 
. 0 7 
. 0 4 
. 0 6 
. 0 2 
. 0 4 
. 0 7 
. 0 6 
. O S 
. 1 0 
. 0 2 
. 1 1 
. •  0 4 
• 0 7 
. 0 4 
. O S 
. 0 2 
1 36 
I 
. 0 1 
. 0 2 
. 0 2 
. 0 6 
. 0 1  
. 0 1 
. 0 2 
. 0 2 
. O S 
. 0 6 
. 0 1 
. 0 3 
. 0 2 
• 0 3 
. 0 3 
. 0 3 
. 0 4 
• 0 3 
. 1 1 
. 0 3 
. 0 2 
• 0 3 
. 0 2 
. 0 3 
. 0 2 
. O S 
. 0 1 
• 0 3 
. 0 4 
. 0 2 
. 0 2 
. 0 4 
. 0 1 
. 0 4 
. 0 2 
. 0 1  
. 0 1 
. 0 2 
. 0 1 
1 3 7  
Tab l e  1 8 . Me an imp ort ance value ( IV) , c ons t ancy ( C ) , 
f i de l ity  ( F) , and indicator  value ( I )  o f  al l 
ove r s t ory , reproduct i on , shrub l aye r , and 
ground cove r  spec i e s  having min imum I V  o f  1 . 0  
in the ye l l ow p op l ar fore s t  type . Spe c i e s  are 
arranged  according to  IV w i t h in e ach s tratum . 
Spe c i e s  
Ove rs t ory 
L i r i o dendron t ul ip i fe r a 
Cary a s p . 
Rob1n i a  p s e udoacac i a  
Fagus grand1fo i 1 a  
Tsuga canadens 1s 
Rep roduct i on 
C o rn us fl o r ida  
I:1 r1 oaena:ron tul ipi  fe ra 
Nys s a  s yivat i c a  
Rob 1n i a  p s eudoacac i a  
T1I1a  sp . 
Sas s a fras a lb i dum 
Cerc 1 s  can adens 1 s 
Fagus gr and1 fol 1 a  
Dimu s  ru6r a  
Ace r  s accharum 
Jun1Ee rus v1 rgin i ana 
Cary a sp . 
Que rcus rub r a  
Ulmus al at a  
Frax 1nus penn sylvan i c a  
Shrub l aye r 
Corn us fl o ri d a  
I:1naera 6en z o 1n 
V1 t 1 S  ae s t ival 1 s  
Nys s a  s ylvat 1 c a  
Fagus grana1 foi i a  
Ace r  s accharum 
Carp inus c arol in i an a  
I: 1 r 1 odendron tul 1p 1 fe r a  
A1Ianthus alt 1 S S 1IDa 
Ace r  ru6rum 
HYCf'Tan ge a arb oreum 
Cary a sp . 
Frax 1nus ame r i c ana 
IV  c F I 
3 8 . 9  1 .  0 0  . 3 3 . 3 3 
8 . 9  . 4 4 . 0 7 . 0 3 
4 . 0  . 2 2 . 2 9 . 0 6 
2 . 8  . 2 2  . 2 2 . O S 
2 . 4  . 2 2 . 2 5 . 0 6 
1 5 . 0  . 7 8 . 0 7  . O S 
1 0 . 1  . 6 7 . 2 3 . 1 5 
7 . 5  . 4 4 . 0 6 . 0 3 
6 . 2  . 2 2 . 2 0 . 0 4 
4 . 9 . 3 3 . 30  . 1 0 
4 . 9  . 4 4  . 1 5 . 0 7 
3 . 9  . 3 3 ." 1 6  . O S 
3 . 8 . 3 3 . 3 8 . 1 3 
2 . 3 . 4 4 . 3 3 . 1 5 
2 . 3  . 3 3  . 1 0 . 0 3 
2 . 1  . 1 1 . 0 9 . 0 1 
1 . 7  . 3 3 . 0 4 . 0 1 
1 . 4  . 3 3 . 2 3 . 0 8 
1 . 2  . 2 2 . 2 5 . 0 6 
1 . 1  . 2 2 . 1 2 . 0 3 
1 1 . 9  . 8 9 . 0 6 . 0 6 
6 . 6  . 5 6 . 4 5 . 2 5 
6 . 1  . 44 . 1 2 . O S 
5 . 7  . 3 3 . 0 3 . 0 1 
5 . 4 . 3 3 . 2 1 . 0 7  
5 . 1  . 8 9 . 2 1  . 1 9 
4 . 5  . 5 6 . 3 3 . 1 9 
4 . 0  . 6 7 . 1 7 . 1 1 
3 . 7 . 4 4 . 4 4 . 2 0 
3 . 7  . 5 6 . O S . 0 3 
3 . 0  . 4 4 . 36 . 16 
2 . 7  . 7 8 . 0 6 . O S 
2 .  1 . 5 6 . 2 3 . 1 3 
1 3 8 
Tab l e  1 8 . ( c ont inue d) 
Spe c i e s  I V  c F I 
Cerc i s  c anaden s i s  2 . 1  . 4 4 . 1 3 . 0 6 
T1I1 a  sp . 2 . 0 . 4 4 . s o . 2 2 
Euonymus ame r ic anus 2 . 0  . 4 4 . 1 4 . 0 6 
Ulmus rub r a  1 . 7  . 44 . 2 0 . 0 9 
Frax 1nus p ennsylvan i c a  1 . 5  . 5 6 . 1 5 . 0 8 
]qorus rub r a  1 . 4 . 3 3  . 3 8 . 1 3 
Cary a cord1 fo rmi s 1 . 3 . 4 4 . 2 5 . 1 1 
Jun 1pe rus v1 r g 1n 1 ana  1 . 1  . 3 3 . 1 2 . 0 4 
Aes cuius o ctandra 1 . 0  . 3 3 . 2 7 . 0 9 
Rob 1n 1a  p s e udoacac i a  1 . 0  . 2 2 . 2 9 . 0 6 
Ulmus al at a 1 . 0  . 3 3 . 1 1 . 0 4 
Que rcus alba 1 . 0  . 2 2 . 0 2 . 0 1 
Ground cove r 
Laporte  a c an adens i s  4 . 8  . 4 4 . 5 7 . 2 5 
Partnenoc 1 s s us qu1nque fo l i a 3 . 5  1 . 0 0  . 1 8 . 1 8 
V1ola s p . 3 . 3  . 7 8 . 1 2 . 1 0  
Corn us fl o ri d a  3 . 0  . 7 8  . 0 7 . 0 6 
Polhs t i cnum acro s t i cho i de s  2 . 9 . 7 8 . 2 1 . 16 
Boe me ria cylindr 1ca  2 . 9 . 2 2 . 2 9 . 0 6 
Rfius r ad 1c an s  2 . 7  . -1 4  . 1 0 . 0 4 
verDe s 1n a  o c c i dent al i s  2 .  4 . 2 2 . 2 5 . 0 6 
Ar 1 s aema t r1pnyllum 2 . 3  . 5 6 . 36 . 2 0 
Euonymus ame r 1 c anus 1 . 9  . 6 7 . 1 5 . 1 0 
Po ace ae 1 . 9  . 6 7 . 0 6 . 0 4 
Cerc i s  can aden s i s  1 . 8  • tl 4 . 1 5 . 0 7  
�ubus ar gutus 1 . 8  . 2 2 . 1 2 . 0 3 
Ace r  s accnarum 1 . 7  . 5 6 . 1 8 . 10 
Heuchera ame r 1 c ana 1 . 4 . 44 . 5 7 . 2 5 
Sm1lax rotund1rol 1a  1 . 4  . 4 4 . 0 4 . 0 2 
Ani s o s ticEus c apre o l at a  1 . 3  . 4 4 . 1 6 • 0 7 
San 1 cula c anadens 1 s  1 . 3  . 2 2 . 1 1 . 0 2 
I:1 r 1 odendron tul 1p 1 fe ra 1 . 2  . 4 4  . 19 . 0 8 
Carex  sp . 1 . 2  . 4 4 . 1 1 . O S  
CarE1nus c aro l ini ana  1 . 1  . 3 3  . 3 3 . 1 1 
Bot rych1um v1rg1n 1 anum 1 . 1  . 3 3 . 2 3 . 0 8 
Smi l ax g l auc a 1 . 1  . 5 6 . 0 4 . 0 2 
Galium t r 1 florum 1 . 0  , 6 7 . 40 . 2 7  
G .  c 1  rcae z ans 1 . 0  . 44 . 1 0 . 0 4 
1 3 9 
Tab l e  1 9 . Me an importance value ( IV) , con s t ancy ( C ) , 
fide l it y  ( F) , and indi c ator  value ( I )  o f  a l l  
ove r s t o ry , reproduct i on , shrub l aye r , and 
ground c ove r s p e c i e s  h aving min imum IV  o f  1 . 0  
in  t he che s tnut o ak for e s t  type . Spe c i e s  are 
arran g e d  according to IV within e ach s tratum . 
Spe c i e s  I V  c F 
Overs tory 
Quercus p rinus 4 7 . 8  1 .  0 0  . 3 4 
Cary a sp .  1 2 . 6  . 7 5 . 16 
Ace r rub rum 9 . 2  . 5 8 . 2 5  
Que rcus rub ra 8 . 7  . s o . 2 6 
Q .  ve lut 1na 5 . 9 . s o  . 14 
Rob 1n 1 a  p s e udo acac i a  4 . 1  . 2 5 . 4 3 
Nys s a  s ylvat 1 c a  2 . 4  . 2 5 . 1 1 
Oxydendrum arbo reum 2 . 3  . 2 5 . 16 
Frax 1nus s p . 1 . 6  . 1 7 . 1 3 
Quer cus c o c c in e a  1 . 1  . 1 7  . 0 4 
Rep roduct i on 
Quercus p r inus 1 4 . 4  . 8 3  . 2 3 
Ace r  rub rum 1 2 . 7  . 7 5 . 1 1 
Corn us  flo r i da 1 2 . 5  . 9 2 . 1 0 
Cary a sp . 1 2 . 2  . 6 7  . 1 0 
Oxydendrum arb o re um 1 1 . 5  . 6 7  . 0 9 
Nys s a  s ylvat 1 c a  9 . 4 . 3 3 . 0 6 
Ace r  s accharum 5 . 6  . 7 5 . 3 3 
Cer c i s  can adens is 3 . 1  . 1 7 . 1 1 
Liriodendron tul ip i fe r a  2 . 7  . 1 7 . 0 8 
Que rcus velut ina 2 . 6 . 4 2 . 0 7 
Frax1nus Eennsylvan ica  1 . 9  . 1 7 . 1 2 
Que rcus rub r a  1 . 7  . 1 7 . 1 5 
Rob1n 1a  p s e udo a c ac i a  1 . 0  . 0 8  . 1 0 
Shrub l aye r 
Nys s a  sylvat i c a  1 2 . 0  . 8 3 . 0 9 
Corn us flo r 1da 1 0 . 7  . 9 2 . 0 9 
Acer ruorum 8 . 7  . 8 3 . 10 
Que rcus p r 1nus 8 o 2 . 8 3 . 2 5 
Ace r  s ac charum 7 o 0  . 5 8  . 1 8 
Kaiilii a  l at 1 fol i a  6 o 6  . 4 2 . 1 4 
Cary a sp o 5 . 8  . 9 2 o l O 
Oxydendrum arb oreum 4 o 7  . 6 7 . 1 0 
Sm1l ax r o t und1 fo l 1 a  3 o 5  0 7 5 o l4 
Viburnum ace rifo l 1 um 2 0 9 . s o  o 2 5 
I 
. 3 4  
. 1 2 
. 1 5 
. 1 3 
. 0 7 
. 1 1 
. 0 3 
. 0 4 
. 0 2 
. 0 1 
. 19 
. 0 8 
. 0 9 
. 0 7 
. 0 6 
. 0 2 
. 2 6 
. 0 2 
. 0 1 
. 0 3 
. 0 2 
. 0 3 
. 0 1  
. 0 8 
. 0 8 
. 0 8 
o 2 1 
o l l 
o 0 6 
o 0 9 
o 0 6 
o l O 
o 1 3 
Tab l e  1 9 . ( cont inue d) 
Spe c i e s  
Fraxinus p enns y l van i c a  
Vacc 1n1um co rymbosum 
Ce rc 1 s  c an adens 1 s 
Sas s afras alb 1dum 
Ulmus alat a 
Que rcus ve lut ina 
Fagus grand1£o l 1 a  
Que rcus ru'b ra 
V1 t 1 S  ae s t 1val i s  
Que rcus al'ba 
Os t rya vrrgfn i ana 
Vacc 1n ium s t am1neum 
Ground cove r  
Corn us fl o rida  
Aritennar1 a  plant agin i fo l i a  
Que rcus p r inus 
Sm1lax glauc a 
Partlien o c 1 s s us quinque fo l i a  
Sm1lax rotund 1 fo l 1 a  
Ace r  rub rum 
Nys s a  sylvat i c a  
Poaceae 
Sas s afras alb i dum 
Vac c 1n 1um vac 1 l l ans  
Po!ys t 1 chum acro s t 1cho i de s  
Pan 1 cum sp . 
De smodium nud i fl orum 
V1'burnum ace r 1 fo!1um 
Rhus radicans  
As t e r  sp . 
Cary a sp . 
Ace r  s acch arum 
Vi t is ae s t 1val i s  
Kalmia l at 1 fo l 1 a  
Que rcus ve lut 1na 
Viola s p . 
Ulmus al at a  
Ch1maph1la  macul at a  
Vacc 1n 1 um s tam1neum 
1 4 0  
IV c F I 
2 .  9 . 4 2 . 1 5  . 0 6 
2 . 5  . 4 2 . 1 3 . O S 
2 .  5 . 2 5 . 1 0 . 0 3 
2 . 1  . 5 8 . 0 9 . 0 6 
1 . 8  . 2 5 . 1 1 . 0 3 
1 . 5  . s o . 0 9 . O S 
1 . 4  . 2 5 . 2 1 . O S  
1 . 3  . 6 7 . 3 8 . 2 5  
1 . 3  . 2 5 . 0 9 . 0 2 
1 . 2  . 2 5 . 0 3 . 0 1 
1 . 1  . 1 7 . 1 4 . 0 2 
1 . 1 . 2 5 . 0 6 . 0 2 
7 . 0  . 9 2 . 1 1 . 1 1 
5 .  5 . 4 2 . 2 2 . 0 9 
4 . 8  . 8 3 . 36 • 3 0  
4 . 7  1 . 0 0  . 1 0 . 1 0 
4 . 7  . 5 8 . 14 . 0 8 
4 . 6  . 7 5 . 1 0 . 0 7  
3 . 9  . 9 2 . 1 2 . 1 1 
3 . 3  . 7 5 . 1 0 . 0 7  
2 . 9  . 6 7 . 0 9 . 0 6 
2 .  7 • 7 5 . 1 3 . 1 0 
2 . 7 . 4 2 . 0 6 . 0 2 
2 . 1  . 3 3  . 1 2 . 0 4 
2 . 0  . 5 8 . 0 7 . 0 4 
1 . 9  . 4 2 . 0 8 . 0 3 
1 . 6  . 4 2 . 2 6 . 1 1 
1 . 5  . s o . 1 5 . 0 8 
1 . 5  . s o . 1 3 . 0 6 
1 . 4  � 5 8 . 1 0 . 0 6 
1 . 4  . 2 5 . 1 1 . 0 3 
1 . 3  . 5 8 . 1 4 . 0 8 
1 . 3  . 3 3 . 16  . O S  
1 . 3  . 3 3 . 0 8 . 0 3 
1 . 1  . 5 8 . 1 2 . 0 7 
1 . 1  . 2 5  . 2 7 . 0 7  
1 . 0  . 4 2 . 0 8 . 0 3 
1 . 0  . 1 7 . 0 4 . 0 1 
1 4 1 
Tab l e  2 0 . Me an import ance value ( I V) , con s t ancy ( C) , 
fide l ity ( F) , and ind icator  value ( I ) o f  al l 
ove rs t o ry , reproduct i on , shrub l aye r , and 
ground c ove r s pe c i e s  having minimum IV  o f  1 . 0  
in t he heml ock -hardwoods  fo re s t  type . Spec i e s  
are arran ge d  according t o  IV  w i t h in e ach 
s tratum . 
Spe c i e s  
Ove rs tory � can adens i s  
u s  p r 1nus 
Q .  coccin e a  
t'arya sp . 
Ace r  rub rum 
Que r cus alba 
Oxydendrum arb o reum 
Que rcus ve l ut 1na 
Nys s a  sylvat 1 c a  
[irl odendron tul ip i fe r a  
Fagus grana1 fol 1 a  
Que rcus rubra 
Rep roduct i on 
Oxydendrum arb o reum 
Ace r  ru'6rum 
Corn us fl o r i da 
Que rcus pr1nus 
Tsuga can aaen s i s  
Que rcus ai'6a 
Magnol1a  macrophyl l a  
L1r1oaendron tul 1p 1fe r a  
Nys s a  sylvat i c a  
Carya sp . 
Amel anch i e r  arb o re a 
Que r cus COCC1ne a 
Fagus grana1fo l 1 a  
Bue rcus velut 1na inus s t robus 
Shrub l aye r 
Kalmi a l at i fo l i a  
Ace r ru'6rum 
Corn us fl or ida  �s s a  sylva t 1 c a  
odo denaron maximum 
I V  c F I 
1 8 . 1  . s o . 6 3 . 3 1  
1 7 . 0  . 6 0 . 1 7 . 1 0 
1 3 . 9 . 6 0  . 1 1 . 0 7 
1 1 . 9  . 6 0 . 10 . 0 6 
7 . 1  . s o . 1 8 . 0 9 
6 . 3  . s o . 0 7 . 0 3 
5 . 3  . 3 0 . 16 . O S 
3 . 2  . 2 0 . O S . 0 1 
2 . 4 . 3 0  . 1 1 . 0 3 
2 . 1  . 30  . 1 1 . 0 3 
1 . 9  . 2 0 . 2 2 . 0 4 
1 . 3  . 2 0 . . 0 9 . 0 2 
1 6 . 8  . 8 0 . 0 9 . 0 7 
1 4 . 8  . 7 0 . 0 8 . 0 6 
1 0 . 0  . 8 0 . 0 8 . 0 6 
8 . 9  . 6 0 . 1 4 . 0 8 
8 . 1 . 4 0 . s o . 2 0 
5 . 7  . 6 0 . 0 7 . 0 4 
5 . 1 . 4 0 . 5 7  . 2 3 
5 . 0 . 4 0  . 1 5 . 0 6 
3 . 6  . 6 0 . 1 0 . 0 6 
3 . 4  . 3 0 . 0 4 . 0 1 
2 . 1  . 4 0 . 4 4 . 1 8 
2 . 1  . 3 0 . 0 8 . 0 2 
1 . 9 . 1 0 . 1 3 . 0 1 
1 . 8  . 2 0 . 0 3 . 0 1 
1 . 0  . 1 0 . 1 0 . 0 1  
1 7 . 5  . 7 0  . 2 0 . 1 4 
1 1 . 6  . 8 0 . 0 8 . 0 6 
8 . 0  . 9 0 . 0 7 . 0 7 
7 . 6 . 8 0 . 0 7 . 0 6 
6 . 9  . 2 0 . 2 9 . 0 6 
Tab l e  2 0 . ( c ont inued) 
Spe c i e s  
Oxydendrum arb oreum 
Tsuga  canaden s 1 s  
Que rcus p r1nus 
:L1 r1oCienCiron tul ip i fe ra 
Euonymus ame r 1 c anus 
Fa gu s  grand1 fol 1 a  
Hamame i 1 s  v1rg1n 1 ana  
Cary a sp . 
Vacc 1n ium c orymb o s um 
Sm1I ax ro tund1fol 1 a  
Ame!ancli1 e r  arborea 
Quercus C O C C 1n e a  
Q .  alba 
'S"as s afras  alb i dum 
Ground cove r 
Kalmi a l at i fo l i a  
Vaccin ium vaci l l ans  
Nys s a  s ylvat 1ca  
�h tcnell a rep ens 
Que rcus p r 1nus 
Ace r  rub rum 
smrfax r o t undi fo l i a  
Cnimaphil a maculat a 
Smil ax glauca 
flo r ida Corn u s  
Carya s p . 
Po lys t ichum acro s t i choides  
De smodium nudifl o rum 
Partheno c i s s us �u1ngue fo 1 i a  
Rhododendr on nu iflorum 
Euonrmus ame r i c anus 
S a s s afras  alb 1dum 
Mede o l a  v irg1n 1 ana  
Sol i d ago s p . 
Gaul tne r i a  procumbens 
Que rcus . C O C C 1nea 
14 2 
IV c F I 
s .  2 . 60 . 0 7  . 0 4 
4 . 9  . 30 . 2 7  . 0 8 
3 . 1  . 6 0 . l S . 0 9 
2 . 6 . 3 0 . 0 8 . 0 3 
2 s . 3 0 . 1 1 . 0 3 
2 .  s . 1 0 . 0 7 . 0 1 
2 .  4 . s o . 2 9 . l S 
2 .  2 . 4 0 . 0 4 . 0 1 
2 .  0 . 6 0 . l S . 0 9 
1 . 7  . 4 0 . 0 6 . 0 2 
1 . 6  . s o . 1 3 . 0 7  
1 . 4  . 2 0 . 0 4 . 0 1 
1 . 1  . s o . 0 6 . 0 3  
1 . 1  . 30  . 0 4 . 0 1 
1 3 . 3  . 6 0 . 2 4 . 14 
6 . 9  . 6 0 . 0 7 . 0 4 
s .  s . 8 0 . 0 9 . 0 7 
4 . 2  . 3 0 . 2 1 . 0 6 
3 . 8  . 4 0 . 1 4 . 0 6 
2 .  8 . 7 0 . 0 8 . O S  
2 .  7 . 9 0  . 1 0  . 0 9 
2 . 7  . 7 0 . 1 1 . 0 8 
2 .  7 . 7 0 . 0 6 . 0 4  
2 .  7 . 6 0 . 0 6 . 0 4 
2 .  3 . 4 0 . 1 2  . O S 
2 . 3  . 4 0 . 1 2 . O S 
2 .  0 . 4 0 . 0 6 . 0 2 
1 . 8  . 3 0 . 0 6 . 0 2 
1 . 7  . 3 0 . 1 9 . 0 6 
1 . 7  . 4 0 . 10  . 0 4 
1 . 6  . 4 0 . 0 6 . 0 2 
1 . 3  . 2 0 . 2 9 . 0 6 
1 . 3  . 3 0 . 0 6 . 0 2 
1 . 1  . 2 0 . 0 8  . 0 2 
1 . 1  . 2 0 . 0 4 . 0 1  
1 4 3 
Table  2 1 .  Me an importance value ( IV) , c on s t ancy ( C) , 
fide l ity ( F) , and ind i cator  value ( I ) o f  al l 
ove rs t ory , rep roduct ion , shrub l aye r , and 
ground cove r s p e c i e s  havin g minimum IV o f  1 . 0  
in the oak - sho r t l e a f  p ine fore s t  type . Spe c i e s  
a r e  ar ranged according t o  IV  w i th in e ach 
s tr atum . 
Spe c ie s  
Ove rs t o ry 
P inus e ch in at a  
Que rcus p r1nus 
Q .  velut 1na 
Nys s a  sylvat i c a  
Que rcus alba 
P 1nus virgiili an a  
Reproduct i on 
Acer rub rum 
Que rcus p r 1nus 
Oxydendrum arboreum 
Que rcus ve lut 1na 
Corn us fl orida 
P1nus e ch1nat a 
Quercus alba 
--
Cary a s p . 
Qys s a  sylvat i c a  ue rcus c o c c 1n e a  
P1nus v i r g 1n 1 an a  
Robin i a  p s eudo acac i a  
Sas s afras  alb 1dum 
Shrub l aye r 
Nys s a  sy1vat i c a  
Ace r  rub rum 
Corn us flo r i d a  
Que rcus p r 1nus 
Q .  alb a 
ITxyaenarum arb o reum 
Cary a sp . 
Que rcus ve 1ut ina 
Kalm1 a  l at 1 fol 1 a  
Vacc 1n ium s t am1neum 
Sas s afras a1bidum 
V1burnum ace r 1 fo l i um 
P1nus ech 1nata 
Sm1 l ax rotundi fo l i a  
I V  c F I 
3 6 . 6  1 .  0 0  . 1 1 . 1 1 
2 9 . 3  . 8 0 . 1 1 . 0 9 
1 1 . 7  . 6 0 . 0 7  . 0 4 
1 0 . 7  . 4 0 . 0 7 . 0 3 
S . 9 . 4 0 . 0 3 . 0 1  
4 . 9  . 2 0 . 0 3 . 0 1 
1 8 . 1  1 .  0 0  . 0 6 . 0 6 
1 4 . 0  1 . 0 0 . 1 2 . 1 2 
1 3 . 2 1 . 0 0 . O S . O S  
1 2 . 2  1 . 0 0  . 0 7  . 0 7 
8 . 0 1 .  0 0 . . O S . O S 
7 . 8  . 8 0 . 2 0  . 1 6 
7 . 8 . 8 0 . O S . 0 4 
4 . S  . 8 0 . O S  . 0 4 
3 . 3  . 6 0 . O S . 0 3 
3 . 1  . 4 0 . O S . 0 2 
2 . 6 . 2 0 . 0 3  . 0 1 
1 . 9  . 2 0 . 1 0 . 0 2 
1 . 1  . 4 0 . 0 7 . 0 3 
1 5 . 4  1 . 0 0 . O S . 0 5  
1 4 . 5  1 . 0 0 . O S . 0 5 
1 1 . 4  1 . 0 0 . 0 4 . 0 4 
5 . 9 . 8 0 . 1 0 . 0 8 
5 . 6 . 6 0 . 0 3 . 0 2 
5 . 4 1 . 0 0  . 0 6 . 0 6 
4 . 5 . 8 0 . 0 4 . 0 3 
4 . 1 . 8 0  . 0 6 . 0 5 
3 . 9  . 4 0 . 0 6 . 0 2 
3 . S  . 8 0 . 0 9 . 0 7  
3 . 3  . 6 0  . 0 4 . 0 2 
2 . 8 . 2 0 . 0 4 . 0 1 
2 . 3 . 6 0 . 2 7 . 16 
2 . 0 . 6 0 . 0 5 . 0 3 
Tab l e  2 1 . ( cont inued) 
Spe c i e s  
P inus . vi rg in i ana  
D1ospyro s v1rg 1n i an a  
Vac c 1n 1um c orymbosum 
Ground cove r 
Vacc in iurn vac i l l an s  
Gaylus s ac i a  6racfiyce ra 
Sm1Iax rotuna:1Ioi1a 
Ace r  rub rum 
Nys s a  s ylvat i c a  
Pan1 curn s p . 
Srn1lax g l auca 
Corn us flo r ida 
Poace ae 
Que rcus p rinus 
Vacc 1n 1urn s t arnineurn 
De smodium nudiflorurn 
Sas s afras alb 1a:urn 
Sol 1dago ulrn1fo l 1 a  
Core op s 1 s  maJ o r  
Que rcus velut 1n a  
Cary a sp . 
Chirnath i l a  rnacul at a 
Aurea ar1a I aev1 gat a  
Kalrn1a  lat i fo l 1 a  
H 1 e r ac iurn sp . 
D1ospyros v i r g in i an a  
Que r cus alba 
Rubus fl age l l ar i s  
Goodyera pub e s cens 
1 4 4  
IV c F I 
1 . 9  . 2 0 . O S . 0 1 
1 . 3 . 6 0 . 1 3 . 0 8 
1 . 3  . 2 0 . 0 3 . 0 1 
1 7 . 2  1 .  0 0  . 0 6  . 0 6 
8 . 3 . 2 0 . 1 0 . 0 2 
s . o . 8 0 . 0 4 . 0 3 
4 . 8  . 8 0 . 0 4 . 0 3 
4 . 4  . 8 0 . 0 4 . 0 3 
4 . 0  . 8 0 . 0 4 . 0 3 
3 . 6  . 8 0 . 0 3 . 0 3 
3 . 6  . 6 0 . 0 3 . 0 2 
3 . S  . 6 0 . 0 3 . 0 2 
3 . 0  . 4 0 . 0 7 . 0 3 
2 . 9 . 8 0 . 0 8  . 0 7 
2 .  s . 6 0 . O S . 0 3  
2 .  s . 4 0 . 0 3 . 0 1  
2 . 2 . 4 0 . 1 2 . O S  
2 . 1  . 4 0 . 0 3 . 0 1 
2 . 0  . 8 0 . 0 8 . 0 6  
1 . 8 . 6 0  . 0 4 . 0 3 
1 . 6  . 6 0 . O S . 0 3 
l . S  . 8 0 . 2 2  . 1 8 
1 . 3  . 2 0 . 0 4 . 0 1  
1 . 2  . 4 0 . 2 2  . 0 9 
1 . 1  . 4 0 . 0 9 . 0 3 
1 . 1  . 6 0  . 0 4 . 0 3 
1 . 0 . 4 0 . 0 4 . 0 2 
1 . 0  . 2 0 . 0 8 . 0 2 
j / t" ..;_ ..... , .,} 
Table  2 2 . Me an importance  value ( IV) , cons t ancy ( C ) , 
fide l ity ( F) , and ind icat o r  value ( I )  o f  �� l 
ove r s t ory , reproduct ion , s hrub l aye r , an d 
ground cove r s pe c i e s having min imum IV o f  1 . 0  
in the whi t e  o ak - s car l e t  o ak fore s t  type . 
Spe c i e s  are ar ran ged according to  IV  w i t h in 
e ach s t ratum .  
Spe c ie s  
Overs t o ry 
Que rcus alb a 
Q .  coccine a 
"Q. velut �na 
UxyCiendrum arb o reum 
P�nus ech�nata  
Ace r  ruo rum 
Nys s a  sylvat i c a  
Cary a s p . 
Quercus s t e l l at a  
Reproduct i on 
Que rcus alb a 
Oxydendrum arb oreum 
COrn us fl o r �da 
Acer ruorum 
Que rcus velut ina 
Cary a sp . 
Nys s a  sylvat i c a  
Quercus c o c c �n e a  
Sas s afras alb1dum 
P1nus s trobus 
Que rcus p r 1nus 
Shrub l ayer  
Corn us  fl o r i da 
Nys s a  s ylvat � c a  
Ace r  rub rum 
Que rcus a loa 
Carya sp-. --
OxyCiendrum arboreum 
Sas s afr as aTh-idum -
Vacc �n �um c orymb o s um 
IV  c F 
4 5 . 3  1 .  0 0  . 2 6  
1 5 . 2  . 84 . 2 9  
1 1 . 2  . 6 3 . 2 7 
5 .  8 . 3 7 . 3 7 
5 .  3 . 4 2 . 1 8 
5 . 3  . 2 6 . 1 8 
3 . 3 . 2 6 . 1 8 
2 . 6  . 2 6 . 0 9 
1 . 4  . 1 6 . 1 5 
2 3 .  2 . 9 5  . 2 0 
1 8 . 6  . 9 5 . 1 9 
1 6 . 4  . 9 5 . 1 7 
1 0 . 6  . 7 9 . 1 8 
7 .  0 . 6 8 . 1 9 
6 . 3  . 7 4 . 1 7 
4 . 5  . 5 3  . 1 6 
2 . 9  . 3 7 . 1 8 
2 . 1  . 2 6 . 1 9 
1 . 7  . 1 6 . 3 0  
1 . 5  . 2 1 . 0 9 
1 6 . 8  . 9 5  . 1 5 
1 5 . 1  . 9 5 . 1 6 
1 3 . 4  1 . 0 0  . 1 8 
8 . 6 . 9 5  . 2 0 
7 .  2 . 8 9 . 1 6 
6 . 6 . 8 4 . 1 9 
3 . 6  . 6 8 . 1 8 
2 .  7 . 4 6 . 2 3  
I 
. 2 6 
. 2 4  
. 1 7 
. 14 
. 0 7 
. O S  
. 0 5 
. 0 2 
. 0 2 
. 1 9 
. 1 8 
. 16 
. 1 4 
. 1 3 
. 1 3 
. 0 8 
. 0 6 
. O S 
. O S 
. 0 2 
. 14 
. 16 
. 1 8 
. 1 9 
. 14 
. 16 
. 1 2 
. 1 1 
Tab l e  2 2 . ( cont inue d) 
Spe c i e s  
Kalmia l at i fo l i a 
Sm1Iax rotunolto 1 i a  
Que rcus COCC lnea  
Q .  ve iut 1na 
Rh.oa:oa:enoron maximum 
Que rcus p r 1nus 
Vacc 1n 1um s t amineum 
Arne I andiier arb ore a 
Prunus s e rot 1na 
Stewart 1 a  ovat a 
Ground cove r 
Vacc inium vac i 1 1 ans  
Sm1Iax glauca 
Nys s a  syivat 1 c a  
Ace r  rub rum 
Corn us flo r ida 
Que rcus alba 
Poaceae 
--
De smodium nudi f1 orum 
Sas s afras al6 1oum 
Pan 1cum sp . 
Tne 1yp t e r i s  noveb o racen s i s  
Sm1Iax rotuno1 foi 1 a  
Rubus flagellar 1 s  
Cary a s p . 
Que rcus c o c c inea  
Ch1ma*nila maculata 
Gault e r 1 a  p rocumbens 
Gaylus s ac 1 a  brachyce ra 
Co reo�s 1 s maJ or 
Rhoa:o enoron nudi f1 orum 
Que rcus velut 1na 
Potent i1 1 a  c anaoens is  
Vacc 1n 1um s t am1neum 
Kalm1a l at l fo 1 ia 
1 4 6  
I V  c F I 
2 .  5 . 16 . 0 9 . 0 1 
1 . 9  . 5 8  . 1 7 . 10 
1 . 8  . 5 3 . 2 0 . 1 1 
1 . 8  . 5 3  . 1 5 . 0 8 
1 . 3  . 1 1 . 2 9 . 0 3 
1 . 3  . 2 6 . 1 3 . 0 3  
1 . 1  . 3 7 . 1 5 . O S 
1 . 1  . 3 2 . 16 . O S 
1 . 1  . 1 6 . 2 1 . 0 3 
1 . 0  . 1 6 . 38  . 0 6 
7 . 5  . 7 4 . 1 6 . 1 2 
6 . 3  1 . 0 0  . 1 5 . 1 7 
6 . 1  . 9 5 . 19  . 1 8 
5 .  6 . 9 5 . 1 9 . 1 8 
4 . 2 . 8 4 . 1 7 . 14 
4 . 0 . 8 4 . 2 3 . 1 9 
3 . 9  . 5 8 . 1 2 . 0 7  
3 . 8 . 7 4 . 2 2 . 1 6 
3 . 5  . 5 3 . 1 5 . 0 8 
3 . 2  . 7 9 . 1 5 . 1 2 
2 . 8  . 2 6 . 5 6 . 1 5 
2 . 4  . 7 9  . 1 6  . 1 3 
1 . 9  . 5 8  . 2 3 . 1 3 
1 . 9  . 6 3 . 1 7 . 1 1 
1 . 7  . 5 8 . 2 2 . 1 2 
1 . 7  . 6 3 . 19 . 1 2 
1 . 6  . 1 6 . 1 3 . 0 2 
1 . 6  . 1 1 . 2 0 . 0 2  
1 . 4  . 6 3 . 2 0 . 1 3 
1 . 2  . 1 6 . 19 . 0 3 
1 . 1  . 4 2 . 16 . 0 7  
1 . 1  . 4 2 . 1 7 . 0 7 
1 . 1  . 32  . 1 2 . 0 4 
1 . 1  . 1 1 . 0 8 . 0 1 
1 4 7  
T ab l e  2 3 . Me an importance value ( IV) , c on s t ancy ( C ) , 
fide l ity  ( F) , and indi c at or value ( I )  o f  al l 
ove rs tory , reproduc t i on , shrub l aye r , and 
ground cove r spe c i e s  h aving min imum IV o f  1 . 0  
in the scarlet  oak fore s t  type . Spe c i e s  are 
arran ged according to IV w i t h in e ach s t ratum . 
Spe c i e s  
Ove rs t o ry 
Que rcus c o c c in e a  
Q .  alba 
Q. s te l l at a  
P"inus e ch1nat a 
P .  v1rg1n 1 an a  
Cary a sp . 
Que rcus ve lut ina 
Ace r  rub rum 
ROD1n 1a p s eudoacac i a  
Nys s a  sylvat 1 c a  
Rep ro duc t i on 
Que rcus alb a 
Ace r  rubruiil 
OXfCfen<Irum arb o reum 
Corn us  florida 
Que rcus ve lut 1na 
Q .  c o c c in e a  
'Cary a sp . 
Que rcus s t e l l at a  
Nys s a  s yl vat 1 c a  
Que rcus p r1nus 
P1nus e ch1nat a 
Que rcus fal c at a  
P1nus v i r g 1n 1 ana  
Shrub l aye r 
Nys s a  sylvat i c a  
Ace r  rub rum 
Corn us flo r i da 
Que rcus alba 
Oxydendrum arb oreum 
Cary a s p . 
Pinus e ch in at a  
Sas s afras alb 1dum 
Vacc 1n 1um s t am1neum 
Kalm1a l at ifolia  
I V  c F 
4 4 . 7  1 . 0 0 . 2 5 
2 2 . 3  . 7 9 . 1 5 
8 . 0 . 4 3  . 3 0 
7 . 9  . s o . 1 6 
5 . 7  . 4 3 . 1 7 
3 . 4  . 2 9 . 0 7  
2 .  7 . 2 9 . 0 9 
1 . 4 . 14 . 0 7 
1 . 4  . 0 7 . 1 4 
1 . 2  . 1 4 . 14 
2 6 . 1  . 9 3  . 1 5 
1 7 . 4  . 8 6 . 1 4 
1 5 . 1  . 9 3 . 1 4 
9 . 2  . 7 1 . 0 9 
5 . 9  . 7 1 . 1 5 
5 . 3  . 5 7  . 2 0 
4 . 8  . 4 3 . 0 7 
3 . 6  . 2 9 . 2 1 
3 . 4  . 4 3 . 1 0 
2 . 4  . 2 1 . 0 7 
1 . 6  . 2 1  . 1 5 
1 . 3  . 14 . 2 0  
1 . 2  . 2 9 . 1 4 
1 7 . 7  1 . 0 0 . 1 3 
1 6 . 3  . 7 9 . 1 0  
1 1 . 2  . 8 6 . 0 9 
8 . 2  . 9 3 . 1 5 
7 . 1  . 8 6 . 1 4 
7 . 1  . 7 9  . 1 0  
4 . 4  . 0 7  . 0 9 
3 . 7  . 5 7 . 1 1 
2 . 9  . 7 1 . 2 1  
2 .  8 . 2 9 . 1 1 
I 
. 2 5 
. 1 2 
. 1 3 
. 0 8 
. 0 7  
. 0 2 
. 0 3  
. 0 1  
. 0 1  
. 0 1 
. 1 4 
. 1 2 
. 1 3 
. 0 7 
. 1 1 
. 1 1 
. 0 3 
. 0 6 
. 0 4 
. 0 1  
. 0 3  
. 0 3 
. 0 4 
. 1 3 
. 0 8 
. 0 8  
. 1 4 
. 1 2 
. 0 8  
. 0 1 
. 0 6 
. 1 5 
. 0 3  
Tab l e  2 3 .  ( c on t inued) 
Sp e c i e s  
Que rcus c o c c in e a  
Sm1lax gl auc a 
Que rcus ve lut ina 
Sm1I ax rotund1 fo l ia 
Amel ancfi 1 e r  arb o re a  
Vacc 1n1um c orym6osum 
Ground c ove r 
Vac c in ium vac i l ians 
Po ace ae 
Smi l ax g l auca 
Ace r  rub rum 
Nys s a  s ylvat i c a  
Sm1Iax ro tund1 fo l i a  
Que r cus  C O C C 1n e a  
Panicum s p . 
Sas s afras alb i dum 
Gaul the ria  p rocumb ens 
Corn u s  £Io r 1da 
Vacc 1n ium s t amineum 
Que rcus alba 
Rubus fl age l l ar i s  
Cor e o�s 1 s  maJ o r  
Desma ium nudifl orum 
Cary a s p . 
Kalm 1 a  l at i fo l i a  
Potent  i l l  a canaden s i s  
As ter  sp . 
1 4 8  
I V  c F I 
2 . 7  . 5 7  . 1 6 . 0 9 
2 . 3  . 3 6 . 1 4 . O S 
2 . 1  . 6 4 . 1 4 . 1 0 
2 . 1  . s o . 1 1 . O S 
1 . 0  . 2 9 . 1 1 . 0 3 
1 . 0  . 2 1  . 0 8 . 0 2 
1 3 . 2  1 . 0 0 . 1 6 . 16 
7 . 2  . 9 3 . 1 4 . 1 3 
7 . 0  1 . 0 0 . 1 2 . 1 2 
5 . 0 . 7 9 . 1 2 . 0 9 
4 . 8  . 8 6 . 1 3 . 1 1 
4 . 6  . 7 9 . 1 2 . 0 9 
3 . 5  . 7 9  . 2 2  . 1 7 
3 . 5  . 9 3 . 1 3 . 1 2 
2 . 8 . s o . 1 0 . O S 
2 .  8 . 2 1  . 1 3 . 0 3 
2 .  5 . 7 1 . 1 0 . 0 7 
2 . 4 . 7 9 . 2 2 . 1 8 
2 . 4 . 6 4 . 1 3 . 0 8 
2 . 3 . 5 7 . 1 7 . 1 0 
1 . 9  . 8 6 . 2 0 . 1 7 
1 . 9  . 5 7  . 1 2 . 0 7  
1 . 8  . s o . 1 0 . O S 
1 . 6  . 2 1 . 1 2  . 0 3 
1 . 1  . 6 4 . 19 . 1 2 
1 . 1  . 4 3 . 1 3 . O S 
1 4 9  
Tab l e  2 4 . Me an importance value ( IV) , cons t ancy ( t) , 
f i d e l ity ( F) , and indicator  va lue ( I )  o f  al l 
ove r s tory , reproduct i on ,  shrub l aye r , and 
ground c ove r spe c i e s  havin g  min imum IV o f  1 . 0  
in  the whi t e  o ak - h ickory for e s t  type . 
Spe c i e s  are arranged acc o rd in g  t o  IV  w i th in 
e ach s tr atum .  
Spe c i e s  IV c F 
Ove rs t ory 
Que rcus alb a 3 7 . 3  1 .  0 0  . 16 
Cary a sp-. -- 2 4 . 0  . 7 5 . 1 6 
Que rcus p rinus 7 . 6  . 3 3 . 1 1 
Q .  ve lut 1na 7 . 4  . 4 2 . 1 1 
P"inus v 1 r g 1n i ana  6 . 3  . 3 3 . 1 1 
Q .  rubr a  3 . 1  . 3 3 . 1 7 
Q. COCC1ne a 3 . 0  . 3 3 . 0 7  
Rob 1n 1 a  p s eudoacac i a  2 .  7 . 0 8 . 1 4 
Frax 1nus s p . 1 . 4  . 1 7 . 1 3 
t1r1 oa:en dron tul ip i fe r a  1 . 2  . 1 7 . 0 7 
Rep roduc t i on 
Quer cu s  alb a 2 4 . 7  . 9 2 . 1 3 
Corn us flo r 1 da 1 1 . 2  . s o . 0 6 
Cary a s p . 1 1 . 0  . 8 3  . 1 2 
Ace r  rub rum 8 . 2  . 5 8 . 0 8 
OXVOena:rum arb oreum 7 . 5  . s o . 0 6 
Quercus p rinus 4 . 7  . s o . 1 4 
Q .  velut 1na 4 . 5  . s o . 0 9 
A.cer s ac charum 4 . 1  . 2 5 . 1 0 
Cerc i s  c an aden s i s  3 . 9  . 2 5 . 16 
Frax 1nus p enns ylvan i ca 2 . 8  . 3 3 . 2 4 
Nys s a  sylvat 1 c a  2 . 3  . s o . 1 0 
Pinus v 1 r g 1n 1 ana  2 . 3 . 2 5 . 1 0 
Jun 1p e rus  v 1 r g 1n i an a  1 . 8  . 1 7 . 1 8 
Rob1n 1a  p s e udo acac 1 a  1 . 0  . 0 8 . 1 0 
Shrub l aye r 
C o rn us fl o r i d a  1 5 . 8  1 . 0 0 . 10 
Ace r  ruorum 1 0 . 9  . 6 7 . 0 8 
Cary a s p . 9 . 5  . 7 5 . 0 8 
Que rcus a lb a  8 . 2 . 8 3 . 1 1 
:Nls s a  s ylva t i c a  7 . 5  . 6 7 . 0 7 
Oxydendrum arboreum 3 . 9  . s o . 0 7 
Ce r c 1 s  c an aden s 1 s  3 . 7  . 4 2 . 1 7 
Ace r  s accharum 3 . 3  . 2 5 . 0 8 
I 
. 16 
. 1 2 
. 0 4 
. O S 
. 0 4 
. 0 6 
. 0 2 
. 0 1  
. 0 2 
. 0 1 
. 1 1 
. 0 3 
. 10 
. O S 
. 0 3 
. 0 7 
. 0 4 
. 0 3 
. 0 4 
. 0 8 
. O S 
. 0 3 
. 0 3 
. 0 1 
. 1 0  
. O S 
. 0 6 
. 0 9 
. O S 
. 0 4 
. 0 7  
. 0 2 
Tab l e  2 4 . ( c on t inue d) 
Spe c i e s  
Fraxinus penns y l van i c a  
Que rcus ve lut 1na 
Q .  p r 1nus 
Sas s afras alb i dum 
Frax 1nus ame r 1 c ana 
V1burnum ace r 1 fo l 1um 
V1t 1s ae s t 1val 1 s  
Ulmus rubr a  
Hydrange a arbo re s cens 
Smilax rotund1 folia 
Vacc 1n ium s tam1neum 
Ulmus alat a 
Os t rya v1r g in i ana  
As 1m1na t r1loba 
Ground cove r 
Po aceae 
Parthenoc i s s us quinque fo l i a  
Ace r  rub rum 
vaccin1Um vac i l l ans  
Pan 1 cum s p . 
Cornus f l o r i da 
Sm1lax glauca 
Polys t i chum acro s t icho i de s  
Carya sp . 
Que rcus alba  
V1ol a s p-. --
Sm1lax rotundi fo l ia 
Solidaso s p . 
De smod1um nud i florum 
Potent 1lla can adens 1 s  
Vacc 1n1um s t am1neum 
Sas s afras alb 1dum 
As ter  s p . 
Rhus rad i c an s  
Girfum c 1rcae z ans  
Thelypte r 1 s  n oveboracen s i s  
Nys s a  sylvat 1 ca 
Sm1lacin a  r acemos a  
Ch1maphil a  maculat a 
Os t rya v1 rg1n 1 ana  
IV 
3 . 0  
2 . 8 
2 . 3 
2 . 1 
2 . 1  
1 . 7  
1 . 6  
1 . 4  
1 . 4 
1 . 4  
1 . 4 
1 . 3  
1 . 2  
1 . 1  
5 . 1  
5 . 1  
4 . 8  
4 . 3 
3 . 9  
3 . 4  
3 . 1  
2 . 9  
2 . 7  
2 . 4 
2 . 3  
2 . 1 
2 . 0 
1 . 8  
1 . 8  
1 . 7 
1 . 6  
1 . 5  
1 . 5  
1 . 5  
1 . 5  
1 . 3  
1 . 2  
1 . 2  
1 . 1  
c 
. 4 2 
:s 0 
. 4 2 
. 4 2 
. 1 7 
. 2 5 
. 3 3 
. 2 5 
. 1 7 
. 4 2 
. 3 3 
. 3 3 
. 2 5 
. 0 8  
1 .  0 0  
. 4 2 
. 6 7 
. 5 8 
. 9 2 
. 5 8 
. 8 3  
. 4 2 
. 7 5 
, 8 3 
• 6 7 
. 6 7  
. 6 7 
. 5 8 
, 4 2 
. 4 2 
. 5 8 
. 6 7 
. s o 
. s o 
. 1 7 
. s o 
. 3 3 
. 4 2 
. 1 7 
F 
. 1 5 
. 0 9 
. 1 3 
. 0 7 
. 0 9 
. 1 3 
. 1 2 
. 1 5 
. 1 8 
. 0 8 
. 0 9 
. 1 5 
. 2 1 
. 10 
. 1 3 
. 1 1 
. 0 9 
. 0 8  
. 1 1 
. 0 7  
. 0 9 
. 1 5 
. 1 3 
. 14  
. 1 4 
. 0 9 
. 1 6 
. 1 1 
. 1 1 
. 1 0 
. 1 0 
. 1 7 
. 1 5 
. 1 5 
. 2 2 
. 0 6 
. 1 2 
. 0 8  
. 14 
1 5 0  
I 
. 0 6 
. O S 
. O S 
. 0 3 
. 0 2 
. 0 3 
. 0 4 
• 0 4 
. 0 3  
. 0 3 
• 0 3 
. O S  
. O S 
. 0 1 
. 1 3 
• 0 4 
. 0 6 
. O S 
. 1 0  
• 0 4 
. 0 7  
. 0 6 
. 0 9 
. 1 2 
. 0 9 
. 0 6 
. 1 1 
. 0 6 
. 0 4 
. 0 4 
. 0 6 
. 1 1 
. 0 8 
• 0 8 
. 0 4  
. 0 3  
. 0 4 
• 0 3 
. 0 2 
1 5 1  
Tab l e  2 5 .  Me an importance value ( IV) , c ons t ancy ( C ) , 
fide l ity  ( F) , and ind i c at o r  val ue ( I )  o f  al l 
ove rs t o ry ,  reproduct i on , shrub l aye r , and 
ground cover spe c ie s  h avin g min imum IV  of  1 . 0  
in the short l e af p ine fore s t  typ e . Spe c ie s  
are arranged acco rding t o  I V  w i th in e ach 
s tratum . 
Spe c i e s  IV c F 
Ove rs t o ry 
P inus e ch in at a  6 4 . 2  1 .  0 0  . 3 1 
P .  v1rg1n 1 an a  1 1 . 3  . s o . 1 9 
'Que rcus alba 1 1 . 0  . 7 1 . 1 4 
Q . · -- 6 . 2 . 4 3 . 1 1 COCC1nea 
Q". ve lut 1na 2 .  2 . 2 9 . 0 9 
'Cary a sp . 1 . 6  . 2 1 . O S 
Rep roduct ion 
Que rcus alb a 2 2 . 5  . 8 6 . 1 4 
Ace r  rub rum 1 1 . 7  . 9 3 . 1 5 
oxyaenarum arboreum 1 0 . 5  . 8 6 . 1 3 
Pinus echinata 8 . 6  . 5 7 . 4 0 
Que rcus velut 1na 8 . 6  . 9 3 . 19 
P1nus virg1n 1 ana  8 . 3  . 2 9 . 1 4 
Corn us florida 7 . 9  . 7 1  . 0 9 
Cary a s p . 5 . 0  . 6 4 . 1 1 
Que rcus cocc ine a 3 . 9  . 5 7  . 2 0 
Q .  prinus 2 . 4  . 2 1 . 0 7 
S"as s afra s  alb i dum 2 . 3  . 2 1 . 1 1 
Quercus s t ellat a 1 . 9  . 2 9 . 2 1 
Nys s a  sylvat 1ca  1 . 5  . 4 3 . 1 0 
I:1r1odendron tul ip i fera  1 . 4  . 14 . 0 8 
Shrub l aye r 
Ace r  rub rum 1 5 . 3  . 9 3 . 1 2 
Nys s a  sylva t i c a  1 1 . 7  1 . 0 0 . 1 3 
Carya s p . 1 0 . 2  . 8 6 . 1 1 
Corn us fl o r i da 9 . 6 . 8 6 . 1 0 
Que rcus alba 6 . 7  . 8 6 . 1 4 
Sas s afras alb i dum 6 . 5  . 7 1 . 14 
Oxydendrum arboreum 5 . 6  . 7 9 . 1 3 
Kalm1a lat i folia 4 . 5  . 36 . 1 4 
Sm1Iax gl auca 3 . 9  . 5 7 . 2 2 
s .  rotundifo l i a  3 . 0  . 7 1 . 1 5 
Que rcus velut in a  2 .  7 . 5 7 . 1 2 
I 
. 3 1 
. 10 
. 1 0 
. O S 
. 0 3 
. 0 1  
. 1 2 
. 1 4 
. 1 1 
. 2 3 
. 1 8 
. 0 4 
. 0 7 
. 0 7 
. 1 1 
. 0 1 
. 0 2 
. 0 6 
. 0 4 
. 0 1 
. 1 1 
. 1 3 
. 1 0 
. 0 8 
. 1 2 
. 1 0 
. 1 0 
. O S 
. 1 3 
. 1 1 
. 0 7 
Tab le 2 5 .  ( c ont inued)  
Spe c i e s  
Q . c o cc in e a  
Vacc 1n 1um s t am ineum 
v .  co rymoo s um 
Las f anea  dentata  
Ground cove r 
Vac c in ium vac i l l ans 
Sm1 I ax gi auca 
Po ace ae 
Sas s afras alb i dum 
Ace r  rub rum 
Panicum s p . 
Nys s a  sylvat i c a  
Gauithe r 1 a  p r ocumbens 
Que rcus alb a 
Rubus fl agell ar i s  
Vacc 1n1um s t am1neum 
Smilax rotundifolia 
De smodium nudifl o rum 
Chimaphil a macul at a 
Cor e oEs 1 s  maJ o r  
Que rcus COCC 1n e a  
Corn us  flo rida 
Pot ent iiia c an adens i s  
Gaylus s ac 1 a  Erachyce r a  
As t e r  sp . 
Cary a sp . 
Kaim 1 a  1 at i fo 1 i a 
E p i�ae a repens  
Sol 1dago s p . 
1 5 2  
IV c F I 
2 . 6 . s o . 1 4 . 0 7 
2 . 0  . s o . 1 5 . 0 7 
1 . 7  . 2 9 . 1 0 . 0 3 
1 . 2  . 4 3 . 1 8 . 0 8 
9 . 9 1 .  0 0  . 16 . 16 
7 . 7  1 .  0 0  . 1 2 . 1 2 
5 . 3  . 9 3  . 14 . 1 3 
4 . 6  . 7 9  . 1 6 . 1 3 
4 . 1  . 8 6 . 1 3 . 1 1 
3 . 5  . 9 3 . 1 3 . 1 2 
3 . 5  . 8 6 . 1 3 . 1 1 
3 . 5  . 36  . 2 1 . 0 7 
2 . 9 . 8 6 . 1 7 . 1 5 
2 . 8 . 5 7 . 1 7 . 1 0 
2 . 7  . 7 1 . 2 0 . 1 5 
2 . 5  . 7 1 . 1 1 . 0 8 
2 . 4  . 6 4 . 1 4 . 0 9 
2 .  2 . 6 4 . 1 4 . 0 9 
2 . 1  . 9 3 . 2 2 . 2 0 
2 . 1  . 4 3 . 1 2  . O S 
2 . 0  . 7 9 . 1 1 . 0 9 
1 . 8  . 4 3 . 1 3 . O S 
1 . 8 . 1 4 . 2 0 . 0 3 
1 . 6  . s o . 1 5 . 0 7  
1 . 4  . 7 9 . 1 5 . 1 2 
1 . 4  . 2 1 . 1 2 . 0 3 
1 . 3  . 2 1 . 1 7 . 0 4 
1 . 2  . 36  . 1 0 . 0 4 
1 5 3  
Tab le 2 6 . Me an import ance value ( IV) , c on s t ancy ( C ) , 
fide l i ty ( F) , and ind icator  value ( I )  o f  al l 
ove rs t ory ,  reproduct i on , shrub l aye r , and 
ground cove r spe c i e s  having minimum IV o f  1 . 0  
in  the Vir gin i a  p ine fore s t  type . Spe c i e s  
a r e  arranged accordin g  t o  IV  w it h in e ach 
s tratum . 
Spe c i e s  
Ove rs t o ry 
P inus virgin i an a  
Que rcus s t e llat a  
P1nus e ch1nat a 
Cary a sp . 
Ace r  rub rum 
Reproduct i on 
P inus v i r g in i an a  
Quer cus alba 
Oxydendrum arb o reum 
Corn u s  flo r1da 
Ace r  rub r um 
Cary a s p . 
Que rcus ve lut ina 
Q .  c o c c in e a  
Nys s a  sylvat i ca 
Que rcus fal cat a  
P1nus s tr o bus 
L1r1odendron t u1 ip i fe r a  
Shrub l aye r 
Ace r  rub rum 
Co rn us  
Kalm1 a  
Nys s a  
flo r ida  
l at 1 fol i a  
sylvat 1 c a  
Que rcus alba 
P1nus v i r g 1n i an a  
Cary a sp . 
Oxydendrum arb o reum 
Sas s afras alb 1dum 
Vac c 1n 1um corymb o s um 
Amelandiier arb o rea 
Vaccin 1um s t am1neum 
Que rcus velut 1na 
I lex opaca 
IV c F 
7 5 . 3  1 .  0 0  . 36 
6 . 3  . 2 3 . 1 5 
3 . 6  . 3 8  . 1 1 
1 . 8  . 1 5 . 0 3 
1 . 8 . 1 5 . 0 7  
2 7 . 2  . 8 5 . 3 8 
1 4 . 9  . 7 7 . 1 1 
1 1 . 3  . 8 5 . 1 2 
9 . 7  . 7 7 . 0 9 
7 . 3  . 6 9 . 1 1 
6 . 1  . 3 8 . 0 6 
3 . 9  . 4 6 . 0 9 
2 . 6 . 3 1 . 1 0 
2 .  2 . 5 4 . 1 1 
1 . 7  . 3 1 . 4 0 
1 . 4  . 1 5 . 2 0 
1 . 3  . 2 3 . 1 2 
1 1 . 5  1 . 0 0  . 1 2 
1 0 . 5  . 9 2 . 1 0 
1 0 . 4  . 2 0 . 5 4 
7 . 6 1 . 0 0 . 1 2 
6 . 7  . 9 2 . 1 4 
6 . 4  . 6 9 . 4 1 
4 . 5  . 6 9 . 0 8 
3 . 6  . 6 9 . 1 1 
3 . 2  . 8 5  . 1 5 
2 . 9 . 5 4 . 1 8 
2 . 8  , 4 6 . 16 
2 . 5 . 6 2 . 1 7 
2 . 3  . 6 2 . 1 2 
1 . 7  . 3 1 . 2 7 
I 
. 36 
. 0 3  
. 0 4 
. 0 1 
. 0 1 
. 3 2 
. 0 9 
. 1 0 
. 0 7 
. 0 7  
. 0 2 
. 0 4 
. 0 3 
. 0 6 
. 1 2 
. 0 3 
. 0 3 
. 1 2 
. 0 9 
. 1 1 
. 1 2 
. 1 3 
. 2 8 
. 0 6 
. 0 7 
. 1 3 
. 0 9 
. 0 7 
. 10 
. 0 8 
. 0 8  
Tab le  2 6 . ( cont inued) 
Spe c i e s  
Smi l ax g l auca 
s .  rotund1 fo l i a  
Que rcus C O C C 1ne a 
Q .  p r 1nus 
Q'. faicata 
'Cas t ane a den t a t a  
Rhododendron maximum 
Tsuga canadens 1s 
Rhus copall 1na 
Poace ae 
Gaul the r i a  p rocumbens 
Gayius s ac 1 a  6 rachyce r a  
Vacc 1n 1um vac 1 Ilans 
Kaim1a  Iat 1fo i 1 a  
Ace r  ru6rum 
SmiTax g l auc a 
Pan 1 cum s p . 
1'\Jys s a  s ylvat i c a  
:Ru'6u s  fl age l l a r i s  
Que rcus alba 
Ch1maphiralffiacul ata 
Potent 1 l l a  c an aa:ens i s  
Smilax rotuna:1 fol 1 a  
Corn us  flo r 1da 
[e s p eae z a  sp . 
Co re oEs is  maj o r  
�htche ll a  rep en s 
Vac c 1n1um s t am1neum 
Sas s afras aloiaum 
Sol 1dago s p . 
1 5 4  
IV  c F I 
1 . 7  . 4 6 . 1 7 . 0 8 
1 . 7  . 46 . 0 9 . 0 4 
1 . 6  . 4 6 . 1 2 . 0 6 
1 . 6  . 1 5 . O S . 0 1 
1 . 4  . 3 1  . 2 9 . 0 9 
1 . 3  . 5 4 . 2 1 . 1 1 
1 . 2  . 0 8 . 14  . 0 1 
1 . 1  . 3 1 . 3 6 . 1 1 
1 . 1  . 3 1  . 30 . 0 9 
9 . 3  . 8 5 . 1 2 . 1 0 
7 . 6  . 6 2 . 3 3 . 2 1 
6 . 9  . 3 8  . s o . 1 9  
5 . 1  . 9 2 . 1 4 . 1 3 
5 . 1  . 46 . 2 4 . 1 1 
4 . 2  . 9 2 . 1 3 . 1 2 
4 . 1  . 9 2 . 1 0 . 1 0 
3 . 4  . 9 2 . 1 2 . 1 1 
2 . 5  . 7 7 . 1 1 . 0 8 
2 . 4 . 7 7  . 2 1 . 16 
2 .  2 . 6 2 . 1 1  . 0 7 
2 . 1  . 5 4 . 1 1 . 0 6 
1 . 9  . 46 . 1 3 . 0 6 
1 . 6  . 7 7 . 1 1 . 0 8 
1 . 6  . 4 6 . 0 6 . 0 3 
1 . 5  . 6 9 . 2 5 . 1 7 
1 . 4  . 5 4 . 1 2 . 0 6 
1 . 4  . 3 8  . 36 . 14 
1 . 4  . 3 8  . 1 0 . 0 4 
1 . 3  . 3 8 . 0 7 . 0 3 
1 . 1  . 5 4 . 1 4 . 0 8 
l S S  
Tab le  2 7 . Me an import ance value ( IV) , c on s t ancy ( C ) , 
fide l i t y  ( F) , and indicator  value ( I ) o f  al l 
ove rs tory , reproduc t i on , s hrub l aye r , and 
ground cove r s p e c i e s  havin g minimum IV o f  1 . 0  
in the p o s t  o ak - short l e a f  p ine fore s t  type . 
Spe c i e s  are arranged according t o  I V  within 
e ach s tr atum .  
Spe c i e s  
Ove rs t o ry 
Que rcus s t e l l at a  
P1nus e ch1n ata  
Oxydendrum arbo reum 
Que rcus ve l ut 1n a  
Q .  coccine a 
'Cary a sp . 
Que rcus a lb a  
--
Reproduct ion 
Oxydendrum arb o re um 
Que rcus ve l ut 1n a 
Q .  alba 
Q. s t el l at a  
Q. COCC1ne a 
'Cary a sp . 
P1nus ech inat a 
Corn us flo r 1da 
Ace r  rub rum 
Nys s a  s ylvat i c a  
P1nus v1 r g 1n 1 an a  
Sas s a fras alb 1dum 
Shrub l aye r 
Nys s a  sylvat i c a  
Corn us flor 1da 
Cary a sp . 
Que rcus ve lut ina 
Ace r  rub rum 
Que rcus alba 
Sas s afras alb i dum 
Oxydendrum arboreum 
Rhododendron nud1florum 
Cas t an e a  
Que rcus 
den t at a 
C O C C 1n e a  
I V  c F 
3 7 . 2  1 .  0 0  . 3 0 
3 S . S  1 .  0 0  . 1 3 
6 . 4  . 3 3 . 1 1 
4 . S  . 3 3 . O S 
4 . 3  . s o . O S 
4 . 0  . 3 3 . 0 3 
3 . S . s o . 0 4 
1 8 . 2  . 8 3 . O S 
1 3 . 1  . 6 7 . 0 6 
9 . 6  . 8 3 . 0 6 
9 . 2  1 .  0 0  . 32  
9 . 2  . 6 7 . 1 0 
9 . 1  1 . 0 0 . 0 7 
8 . 6 . 3 3 . 1 0 
6 . 9  . 6 7 . 0 4 
6 . 2  . s o . 0 4 
4 . 0 . 6 7 . 0 6 
3 . 2  . 3 3 . 0 7  
2 . 7  . 3 3 . 0 7 
1 7 . 8  1 . 0 0 . 0 6 
1 1 . s . 8 3 . 0 4 
9 . 8  1 . 0 0 . 0 6 
7 . 4  1 . 0 0 . 0 9 
6 . 8  . 8 3 . O S 
6 . 8  . 6 7 . O S 
s . o  . 8 3  . 0 7 
4 . 3  . 8 3 . 0 6 
4 . 2 . 3 3 . 1 7 
3 . 6  . 6 7  . 1 2 
3 . 1 1 .  0 0  . 12  
I 
. 3 0 
. 1 3 
. 0 4 
. 0 2 
. 0 3 
. 0 1  
. 0 2 
. 0 4 
. 0 4 
. O S 
. 3 2 
. 0 7  
. 0 7 
. 0 3 
. 0 3 
. 0 2 
. 0 4 
. 0 2 
. 0 2 
. 0 6 
. 0 3 
. 0 6 
. 0 9 
. 0 4 
. 0 3  
. 0 6 
. O S 
. 0 6 
. 0 8 
. 1 2 
Tab l e  2 7 .  ( cont inued) 
Spe c i e s  
Vac c inium s tamineum 
Que rcus s te llata  
Sm1lax rotuna:d::o l i a  
s .  glauca 
Vit l S  ae s t ival i s  
Ground cove r 
Vacc in ium vac i l l an s  
Poace ae 
Smi l ax gl auca  
Rubus argutus 
Nys s a  sylvat 1 c a  
Ace r  rub rum 
Vac c in1um s t amineum 
Rhododendron nud1florum 
Corn us £lo r1da 
Pan 1cum s p . 
Que rcus ve l ut ina 
Sas s afras alb 1dum 
Coreops is maJ o r  
Carya s p . 
Que rcus c o c c in e a  
Chimaphila macu l at a  
Vit i s  ae s t ival 1 s  
Gaulther 1 a  procumbens 
De smod1um nudiflorum 
Eupho rEia  
Sol 1dago 
Cas t ane a 
c o r o l l at a  
odo r  a 
dent  at  a 
IV 
3 . 1  
2 . 9 
2 . 0  
1 . 7  
1 . 3  
1 0 . 9  
8 . 4  
6 . 8  
s .  s 
s .  2 
4 . 2  
4 . 1  
4 . 0 
3 . 8  
3 . 6  
2 .  7 
2 . 6 
2 . 4 
2 . 2  
2 . 1  
2 . 1  
1 . 9  
1 . 7  
l . S  
1 . 2  
1 . 2  
1 . 2  
c 
. 3 3 
. 8 3  
. 3 3 
. s o 
. 3 3 
1 .  0 0  
1 . 0 0 
1 . 0 0  
. 3 3 
. 6 7 
. 3 3 
. 8 3 
. 3 3 
. 6 7  
. 8 3 
. 6 7 
. s o 
1 .  0 ') 
• 3 j 
• 8 .5 
t:. ) 
e ,.,.; I 
.. � / . .) .) 
.. 1 
• .J.. ! 
. 6 7 
. 2 S  
. s o 
. 3 3 
1 S 6  
F I 
. 0 4 . 0 1  
. 4 2 . 3 S 
. 0 3 . 0 1 
. 0 8 . 0 4 
. 0 6 . 0 2 
. 0 7  . 0 7 
. 0 6 . 0 6 
. O S . O S 
. 1 2 . 0 4 
. 0 4 . 0 3 
. 0 2 . 0 1 
. 1 0 . 0 9 
. 1 3 . 0 4 
. 0 4 . 0 2 
. O S  . 0 4 
. 0 8 . O S 
. 0 4 . 0 2 
. 1 0 . 1 0 
. 0 3 . 0 1 
. 1 0 . 0 8 
. O S . 0 2 
. 0 4 . 0 1  
• 10  . 0 1  
. 0 6 . 0 4 
. s o . 1 3 
. 1 8 . 0 9 
. 1 1 . 0 3 
APPENDI X  C 
SPE C I E S  FREQUENCY TABLE 
Tab l e  2 8 . P e r cent frequency o f  s p e c i e s  by s tratum in 
al l Fen t re s s  County s tudy p l ots . The "overal l"  
c at e gory inc lude s spe c i e s  that occurred anywhe re 
on a g iven 1 / 5 - ac re p lo t  b ut were not ne ce s s ar i ly 




















ASclep1as sp . 




Aster pa temus 









story duct ion 
20 . 7  63 . 0  
12 . 6  21 . 5  
0 . 7  2 . 2 
3 . 0  4 . 4  
0 . 7  6 . 7  
2 . 2  
1 . 5  2 . 2  
0 . 7  
1 5 7 
Shrub Grmmd Over-
Layer Cover all 
77 . 8  68 . 9  85 . 9  
2 8 . 2  20 . 7  31 . 1  
1 . 5  2 . 2  
8 . 2  1 . 5  8 . 9  
8 . 2  11 . 9  
0 . 7  0 . 7  
6 . 7  3 . 0  8 . 9  
1 . 5  0 . 7  1 . 5  
1 . 5  3 . 7  
28 . 2  19 . 3  40 . 0  
3 . 7  3 . 7  
6 . 7  7 . 4  
3 . 0  3 . 0  
17 . 8  18 . 5  
17 . 0  18 . 5  
0 . 7  0 . 7  1 . 5  
10 . 4  12 . 6  
2 . 2  0 . 7  2 . 2  
1 . 5  2 . 2  
7 . 4  6 . 7  10 . 4  
5 . 9 9 . 6  
0 . 7  
18 . 5  21 . 5  
1 . 5  2 . 2  
34 . 8  35 . 6  
2 . 2 3 . 0  
13 . 3  16 . 3  
2 . 2 2 . 2 
0 . 7  3 . 7  
0 . 7  
5 . 2  5 . 9 
0 . 7  











































Elep antopus carol1nianus 
Ep1fagus v1rg1n1ana 
Over- Repro-
story duct ion 
0 . 7  3 . 7  
1 . 5  
43 . 0 60 . 7  
4 . 4  
2 . 2 14 . 1  
0 . 7  
0 . 7  
3 . 7 78 . 5  
1 . 5  4 . 4  
1 5 8  
Shrub Grm.m.d Over-
Layer Cover all 
9 . 6 11 . 1  
1 . 5  2 . 2 
0 . 7  0 . 7  
0 . 7  0 . 7 
0 . 7  0 . 7  
0 . 7  0 . 7  
25 . 9  28 . 2  
11 . 1  6 . 7  13 . 3  
11 . 9  5 . 9 14 . 1  
0 . 7  0 . 7  
80 . 0  5 3 . 3 90 . 4  
0 . 7  2 . 2  
2 . 2  2 . 2  
25 . 2  14 . 1  29 . 6  
2 . 2  2 . 2 
6 . 7  6 . 7  
8 . 2  2 . 2 8 . 2  
22 . 2  19 . 3  26 . 7  
46 . 7  50 . 4  
0 . 7  0 . 7  
4 . 4  8 . 2  
3 . 7  3 . 7  
4 . 4  5 . 2  
4 . 4  4 . 4  
43 . 7  46 . 7  
0 . 7  1 . 5  2 . 2 
0 . 7  0 . 7 
91 . 9  71 . 1  94 . 8  
2 . 2  0 . 7  2 . 2  
5 . 9 2 . 2 8 . 2  
0 . 7 0 . 7  
0 . 7  2 . 2  
0 . 7  
4 . 4  6 . 7  
48 . 2  50 . 4  
4 . 4  5 . 2  
8 . 9  8 . 9  
14 . 1  1 7 . 8  
17 . 0  17 . 0  33 . 3  
4 . 4  4 . 4  
3 . 0  3 . 0  
5 . 2  5 . 9  
0 . 7  















Frax1nus spp . 
Galact1a sp . 
Gal1um aparine 
Gal1um c1rcaezans 














H1erac1um sp . 
HYdrangea arborescens 












6 . 7  
11 . 1  
0 . 7  
2 . 2  
1 5 9  
Repro- Shrub Grm.m.d Over-
duct ion Layer Cover all 
13 . 3  14 . 8  
20 . 7  29 . 6  34 . 1  
0 . 7  2 . 2 
1 . 5  1 . 5  
0 . 7  0 . 7  
4 . 4  5 . 2  
18 . 5  20 . 0  
8 . 9 9 . 6  
0 . 7  0 . 7  
5 . 9 10 . 4  8 . 9  20 . 0  
5 . 9 16 . 3  5 . 2  18 . 5  
12 . 6  25 . 2  8 . 2  26 . 7  
0 . 7  2 . 2 0 . 7  2 . 2 
11 . 1  
0 . 7  0 . 7  
2 . 2  2 . 2 
30 . 4  31 . 1  
9 . 6 9 . 6 
11 . 1  14 . 1  
17 . 8  17 . 8  
2 . 2  3 . 0  3 . 0  
7 . 4  7 . 4  
4 . 4  4 . 4  
8 . 2  8 . 2  
8 . 9  10 . 4  
4 .4 12 . 6  7 . 4  14 . 1  
5 . 2  5 . 9  
3 . 7  4 . 4  
5 . 2 5 . 9  
3 . 0  3 . 0  
7 . 4  7 . 4 
6 . 7 6 . 7  
8 . 2  5 . 9  11 . 1  
2 . 2  2 . 2  
3 . 7  6 . 7  
0 . 7 1 . 5  
3 . 7  2 . 2 4 . 4  
2 . 2  11 . 1  8 . 2  18 . 5  
1 . 5  2 . 2  
10 . 4  10 . 4  
14 . 8  16 . 3  
1 . 5  2 . 2  
0 . 7  3 . 7  0 . 7  5 . 9  












Lobel1a sp . 
Lobel1a spicata 
Lycopodium obscurum 



















Pan1cum spp . 
Parthenocissus quinquefolia 











2 . 2 
2 . 2 
20 . 0  
1 . 5  
1 . 5  
20 . 7  
1 . 5  
14 . 1  
33 . 3  
4 . 4  
26 . 7  
1 6 0  
Repro - Shrub Ground Over-
duct ion Layer Cover all 
8 . 2 18 . 5  9 . 6 24 . 4  
25 . 9  18 . 5  26 . 7  
5 . 2 5 . 2 
26 . 7  27 .4  
8 . 2 3 . 0  8 . 9 
3 . 7  4 . 4 2 . 2 5 . 9 
19 . 3  26 . 7  15 . 6  51 . 1  
2 . 2 3 . 0  
3 . 7  
1 . 5  1 . 5  
2 . 2  3 . 0  
1 . 5  1 . 5 
0 . 7  0 . 7  
1 . 5  1 . 5  
3 . 0  3 . 0  
2 . 2  1 . 5  4 . 4  
10 . 4  10 . 4  
4 . 4  5 . 2  5 . 2  14 . 1  
5 . 2 3 . 7  3 . 0 8 . 9 
1 . 5  
3 . 0  3 . 7  4 . 4  
5 . 2  5 . 9 
0 . 7  0 . 7  
10 . 4  10 . 4  
0 . 7  1 . 5 
0 . 7  5 . 9 1 . 5 7 . 4  
45 . 9  81 . 5  68 . 9  87 . 4  
2 . 2  3 . 0  
8 . 2  10 . 4  10 . 4  13 . 3  
0 . 7  
1 . 5  1 . 5  
68 . 9  62 . 2  10 . 4  73 . 3  
71 . 9  71 . 9  
37 . 0  38 . 5  
5 . 2 8 . 9 
0 . 7  
0 . 7  1 . 5  1 . 5 
0 . 7  0 . 7  
2 . 2 3 . 7  
0 . 7 1 . 5  
14 . 8  8 . 2  9 . 6 38 . 5  
7 . 4 8 . 9 7 . 4 14 . 8  
2 1 . 5  16 . 3  16 . 3  40 . 0  
Tab l e  2 8 . ( cont inued) 
Species 












































3 . 0  
1 . 5  
54 . 1  
0 . 7  
40 . 7  
2 . 2  
6 . 7  
1 . 5  
25 . 9  
17 . 0  
14 . 8  
32 . 6  
5 . 2  
1 6 1  
Repro- Shrub Grm.md Over-
duct ion Layer Cover all 
0 . 7  0 . 7  3 . 0  
69 . 6  69 . 6  
0 . 7  2 . 2 
17 . 8  19 . 3  
0 . 7 0 . 7 
0 . 7  2 . 2  
2 . 2 2 . 2 
2 5 . 2  28 . 9  
34 . 8  34 . 8  
3 . 7  3 . 7 
3 . 7 4 . 4 
3 . 7  10 . 4  13 . 3  2 5 . 9  
1 . 5  0 . 7  1 . 5  
6 . 7  6 . 7  
3 . 0  4 . 4  
65 . 2  65 . 2  51 . 9  81 . 5  
0 . 7  
29 . 6  37 . 0  37 . 8  65 . 9  
7 . 4  10 . 4  9 . 6 19 . 3  
2 . 2  6 . 7  3 . 0  12 . 6  
1 . 5 0 . 7  2 . 2 
31 . 9  29 . 6  20 . 7  42 . 2  
9 . 6  15 . 6  14 . 1  33 . 3  
14 . 1  8 . 9 6 . 7  20 . 7  
50 . 4  48 . 2  37 . 8  76 . 3  
3 . 7  4 . 4 
3 . 0  9 . 6 6 . 7  13 . 3  
5 . 2 3 . 0  5 . 2  
8 . 9 11 . 9  11 . 9  
9 . 6 4 . 4  14 . 1  
1 . 5  0 . 7  1 . 5  
1 . 5  2 9 . 6  31 . 9  
0 . 7  8 . 2 8 . 9  
7 . 4  5 . 2 3 . 7  14 . 1  
5 . 2  12 . 6  13 . 3  
1 . 5  35 . 6  35 . 6  
0 . 7  0 . 7  
1 . 5  2 . 2 
1 . 5  2 . 2 
2 . 2 2 . 2 4 . 4 
5 . 2 7 . 4 
14 . 1  18 . 5  




San1cllla sp . 
Sassafras albidum 
Schrank1a m1crophylla 







Sm1lax rotundifol ia 
Solidago b1color 
Sohdago odora 







T1l1a sp . 
T1pularia discolor 















V1burnum sp . 
V1c1a sp . 
Viola spp . 
Over-
story 
3 . 0  
4 . 4  
5 . 9  
2 . 2 
1 . 5  
1 6 2  
Repro- Shrub Ground Over-
duct ion Layer Cover all 
1 . 5  1 . 5  
3 . 0  3 . 0  
6 . 7  7 . 4 
20 . 0  54 . 8  50 . 4  68 . 2  
3 . 7 5 . 2  
5 . 9  6 . 7  
6 . 7  7 . 4 
1 . 5  1 . 5  
25 . 2  2 8 . 2  
3 . 7 10 . 4  11 . 9  
4 . 4  7 . 4 
26 . 7  85 . 2  85 . 2  
2 5 . 2  28 . 2  
1 . 5  1 . 5  
12 . 6  12 . 6  
36 . 3  37 . 0  
12 . 6  12 . 6  
3 . 7  4 . 4  5 . 9 
5 . 9  3 . 0  6 . 7  
5 . 9  5 . 9  
4 . 4  6 . 7  
6 . 7  6 . 7  
7 . 4 5 . 9 2 . 2 11 . 1  
1 . 5  8 . 2 
0 . 7 1 . 5  
5 . 9 8 . 2 3 . 7  13 . 3  
5 . 9 20 . 0  8 . 2 23 . 7  
3 . 7  0 . 7  4 . 4  
8 . 9  14 . 8  15 . 6  18 . 5  
1 . 5  
6 . 7  8 . 2 
1 . 5  2 . 2  
29 . 6  10 . 4  33 . 3  
34 . 8  36 . 3  4 7 . 4  
2 . 2 63 . 7  63 . 7  
5 . 9  8 . 9 
0 . 7  1 . 5  
17 . 8  14 . 1  22 . 2  
3 . 7  2 . 2 8 . 2  
1 . 5  0 . 7  2 . 2 
4 . 4  4 . 4  
42 . 2  4 3 . 0  
Tab l e  2 8 . ( cont inued) 
Species 
Vi tis aestivalis 
Vi tis r1par1a 
\ht1S rotuna1folia 
V1t1s sp . 
Xanthorhiza simplicissima 
Over- Repro- Shrub 
story duct ion Layer 
24 . 4  
0 . 7  
0 . 7  
1 6 3  
Ground Over-
Cover all 
36 . 3  48 . 2  
0 . 7  0 . 7  
0 . 7  
2 . 2 2 . 2  
3 . 0  3 . 7  
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